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2000  Report 
Highlights 


•       .  Si.  « 


•  Overall,  air  quality  In  Ontario 
improved  significantly  during  the 
past  30  years,  despite  significant 
increases  in  Ontario  s  population, 
gross  domestic  product  and 
vehicular  travel  over  the  same 
period. 

•  Levels  of  most  major  pollutants 
decreased  significantly  during  the 
30-year  period.   Averaged  levels  of 
sulphur  dioxide  were  reduced  by 
83  per  cent  and  carbon  monoxide 
by  81  per  cent.    During  the  past 

26  years,  nitrogen  oxides  were 
reduced  by  49  per  cent  and 
nitrogen  dioxide  by  23  per  cent, 
and  over  the  past  10  years,  total 
reduced  sulphur  compounds  have 
decreased  33  per  cent. 


As  in  previous  years,  ground-level 
orone  and  inhalable  particles,  the 
major  ingredients  of  smog, 
continued  to  exceed  ministry  criteria 
levels  in  2000.    A  major  portion  of 
Ontario  s  smog  is  a  direct  result  of 
emissions  from  the  U.S. 

On  May  1 .  2000,  through  the 
Air  Quality  Ontario  Initiative, 
Ontario  s  enhanced  Smog  Alert 
and  Air  Quality  Index  program 
was  Implemented.    This  enhanced 
program  provides  the  people  of 
Ontario  with  improved  reporting 
through  comprehensive  and  timely 
air  quality  readings  and  forecasts. 

Good  to  very  good  AQI  readings 

were  reported  more  than 

95  per  cent  of  the  time  in  2000. 


Nine  smog  watches,  and  three 
smog  advisories  covering  four  days 
were  called  in  2000. 

Measured  volatile  organic 
compounds  (VOCs)  in  2000 
indicated  that  levels  are  well  below 
existing  provincial  criteria. 

In  2000,  the  air  quality  of  a  select 
number  of  Ontario  s  Great  Lakes 
Basin  cities  (Windsor,  London, 
Hamilton,  Toronto  and  Thunder 
Bay)  was  generally  better  than  the 
air  quality  of  selective  American 
cities  (Cleveland,  Detroit,  Chicago 
and  Minneapolls-St  Paul)  based  on 
a  comparative  analysis  of  ten  years 
of  criteria  pollutant  data. 
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Overview 


A 


lir  pollution  Is  a  problem  and 
concern  for  many  people  who  live  in 
Ontario.  Average  air  pollution  levels  in 
Ontario  during  the  past  30  years  have 
Improved,  but  smog  remains  a  concern 
especially  in  southern  Ontario.    Air 
pollution  comes  from  many  different 
sources  Including  stationary  sources 
$ocb  as  factories,  power  plants  and 
smelters;  smaller  area  sources  such  as 
dry  cleaners  and  degreasing  operations; 
mobile  sources  such  as  cars,  buses, 
trucks,  planes  and  trains;  and  finally, 
natural  sources  such  as  forest  fires, 
windblown  dust  and  biogenic  emissions 
from  trees. 

Many  pollutants,  including  those  that 
form  smog  (ozone  and  fine  particles), 
remain  in  the  atmosphere  for  long 
periods  of  time.   These  air  pollutants 
can  be  generated  both  locally  and 


regionally,  and  carried  hundreds  of 
kilometres  by  winds  from  province  to 
province,  state  to  state  and  country  to 
country,  affecting  areas  far  removed 
from  the  source  of  the  pollution. 

This  report  tracks  two  kinds  of  air 
pollution  trends:  air  concentrations  based 
on  actual  measurements  of  pollutants 
in  the  ambient  outdoor  air,  and  air 
emissions  based  on  best  available 
estimates  of  the  total  mass  of  pollutants 
released  into  the  air  each  year  as 
provided  by  source  engineers. 

The  Ontario  Ministry  of  the 
Environment  collects  air  quality  data  at 
80  continuous  monitoring  sites  across 
the  province.   These  data  are  surrogates 
to  determine  the  state  of  air  quality  in 
Ontario  and  help  develop  abatement 
programs  to  reduce  the  burden  of  air 
pollutants,  address  key  air  issues  and 


assess  the  efficacy  of  policy  and 
programs.    Ambient  air  monitoring  in 
Ontario  provides  information  of  the 
actual  concentrations  of  selected  pollu- 
tants In  communities  across  Ontario. 
Table  1 . 1  shows  the  relationship 
between  the  monitored  air  pollutants 
and  the  current  air  issues. 

For  the  past  30  years,  the  Ministry  of 
the  Environment  has  been  monitoring 
air  quality  across  Ontario  and  using  this 
information  to! 

•  inform  the  public  about  outdoor 
ambient  air  quality! 

•  provide  smog  alerts  for  public 
health  protection; 

•  assess  Ontario  s  air  quality  and 
evaluate  trends; 


...... 


Table  1.1:  linkages  Between  Air  Pollutants  and  Air  Issues 

Smog 

Global              Urban  Air 
Warminq          Quality 

Acid 
Deposition 

Health 

Aesthetics 

__ . — . — i 

Ozone 

yes 

yes 

yes 

yes 

yes 

Sulphur  Dioxide 

yes 

yes 

yes 

yes 

yes 

yes 

Carbon  Monoxide 

yes 

yes 

yes 

yes 

Nitrogen  Oxides 

yes 

yes 

yes 

yes 

yes 

yes 

Volatile  Organic 
Compounds 

yes 

yes 

yes 

yes 

yes 

Toxics 

yes 

yes 

yes 

Particles 

yes 

yes 

yes 

yes 

yes 

yes 

Total  Reduced 
j      Sulphur  Compounds 

; 

yes 

yes 

yes 

•  identify  areas  where  criteria  are 
exceeded  and  identify  the  origins 
of  pollutants! 

•  provide  the  basis  for  air 
policy/program  development; 

•  provide  quantitative  measure- 
ments to  enable  abatement  of 
specific  sources; 

•  determine  the  significance  of 
pollutants  from  US  sources  and 
their  effects  on  Ontario; 

•  provide  air  quality  researchers 
with  data  linking  environmental 
and  human  health  effects  to 
air  quality. 

This  report,  the  30      in  a  series, 
summarizes  the  state  of  ambient  air 
quality  in  Ontario  during  2000.    It 
covers  the  measured  levels  of  the  six 
traditional  contaminants  consisting  of 
ozone  (0.i),  particulate  matter  (PMio  / 
PM25),  sulphur  dioxide  (SO2),  nitrogen 
dioxide  (NO2),  carbon  monoxide  (CO) 
and  total  reduced  sulphur  (TRS)  com- 
pounds.   For  the  first  time,  the 
ministry  s  annual  report  contains  data 
on  ambient  mercury  (Hg)  levels.    The 
report  also  summarizes  the  results  from 
the  Air  Quality  Index  (AQI)  and  Smog 
Alert  programs  for  2000.    In  addition, 
results  for  a  selected  number  of  VOCs 
are  summarized  and  a  perspective  on 
the  state  of  air  quality  in  the  Great 
Lakes  Basin  area  is  also  presented. 

The  main  focus  of  the  2000  publica- 
tion is  to  report  in  a  timely  manner  on 
the  state  of  Ontario  s  ambient  air  quality. 
The  data  for  the  source  monitoring 
sites,  as  in  the  past  will  be  presented  in 
a  separate  appendix  document,  along 
with  the  ambient  data.    Ontario  contin- 
ues to  benefit  from  one  of  the  most 
comprehensive  air  monitoring  systems 
in  North  America.    The  network  is 
designed  to  measure  air  quality  at  80 
continuous  monitoring  sites  across  the 
province  and  undergoes  ongoing  main- 
tenance to  ensure  a  high  standard  of 
quality  control.    With  this  data  we  can 
make  informed  decisions  about  what 
needs  to  be  done  to  protect  and  Improve 
our  air  quality. 


Figure  1.1:  Trend  of  Sulphur  Dioxide  Concentrations 
(1971  -2000) 
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Figure  1.2:  Change  in  Air  Pollutant  Concentrations 
(1971-2000) 
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Trends  in  Air  Quality  and 
Emissions 

Each  year  the  ministry  gathers  and 
analyzes  air  concentration  data  from 
ambient  monitoring  sites  across  Ontario. 
During  the  past  30  years,  significant 
reductions  have  been  achieved  In 
ambient  provincial  pollution  levels. 


Ministry  programs  and  policies  have  led 
the  way  to  these  significant  reductions. 
One  of  the  best  examples  is  the  30-year 
sulphur  dioxide  trend  (Figure  1.1). 
Sulphur  dioxide  is  emitted  primarily  by 
burning  fossil  fuels  containing  sulphur, 
smelting  operations,  and  in  the  pulp 
and  paper  processes  in  Ontario. 


Ontario  Regulations  346  and  350,  con- 
trol orders  on  major  smelting  operations 
and  the  Countdown  Acid  Rain  program 
have  helped    reduce  SO;  emissions  in 
the  province  by  82  per  cent  since 
1971.    A  similar  decrease  in  ambient 
SO2  concentrations  (83  per  cent)  has 
been  recorded  over  the  same  30-year 
period. 


Other  examples  of  air  quality 
improvement:  CO  levels  decreased 
81  per  cent  during  the  past  30  years; 
NO2  levels  decreased  23  per  cent  and 
oxides  of  nitrogen  (NOx)  49  per  cent 
over  the  past  26  years  (Figure  1.2). 
These  reductions  occurred  during  sig- 
nificant population  and  economic 
growth  in  Ontario.    Since  1 97 1 ,  the 


Figure  1.3:  Ontario's  Population,  Vehicle-Kilometres 

Travelled  and  Gross  Domestic  Product 

(1971-2000) 
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Figure  1 .4:  Trend  of  Seasonal  Ozone  Means  at  Sites  Across  Ontario 

(1980-2000) 
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provincial  population  increased 
53  per  cent  and  vehicle  kilometres 
travelled  were  up  87  per  cent.    Gross 
domestic  product  has  increased 
70  per  cent  since  1981  (Figure  1.3). 

Ground-level  ozone  and  fine  parti- 
cles however,  remain  a  concern  in 
Ontario,  especially  In  the  Wlndsor-to- 
Ottawa  corridor.    Ozone  and  fine 
particles  continue  to  exceed  their 
respective  ambient  air  quality  criteria 
(AAQC)  at  the  majority  of  monitoring 
locations  in  southern  Ontario.    The 
trend  of  the  ozone  seasonal  means 
(summer  and  winter)  for  1980  to  2000 
is  shown  in  Figure  1 .4.    It  shows  that 
there  has  been  an  increasing  trend  in 
the  composite  seasonal  ozone  means 
during  the  21-year  period.    Similar 
findings  of  an  increasing  trend  for 
ozone  have  been  noted  elsewhere  in 
North  America. 

Occurrences  of  ozone  exceeding 
the  criterion,  and/or  the  number  of 
such  occurrences  covering  wide  areas, 
tend  to  vary  substantially  from  year  to 
year  because  of  the  weather.    The 
year  2000  is  a  good  example  of  how 
weather  can  affect  air  quality  and ,  in 
particular,  ozone  levels.    In  2000,  the 
second  lowest  total  of  ozone 
exceeedances  was  recorded  since 
1980.    This  is  mostly  attributed  to  the 
2000  smog  season  (May  to  September) 
being  characterized  as  cooler  and  wetter 
than  normal. 

Significant  amounts  of  ozone  and  its 
precursors  are  carried  into  Ontario  from 
the  United  States.  During  hot  summer 
days  it  is  estimated  that  more  than  half 
of  the  province  s  ozone  can  be  attributed 
to  transboundary  pollution.  Figure  1 .5 
shows  the  prevailing  winds  during  days 
of  widespread  elevated  ozone  levels  in 
Ontario. 

Throughout  the  1 990s  and  more 
recently  from  1996  to  2000,  the  ministry 
increased  monitoring  for  inhalable 
particles  due  to  growing  health  concerns, 
and  its  association  with  transboundary 
pollution.   Figure  1.6  shows  the  growth 
of  Ontario  s  ambient  PM  program  from 
1991  to  2000.    Results  are  discussed  in 
Chapter  3. 


Figure  1.5:  Transboundary  Air  Flow  into  Ontario 


Figure  1 .6:  Expansion  of  Ontario's  Ambient  PM  Monitoring  Program 

(1991-2000) 
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Chapter  2 


Ozone  in  Ontario 


^^round-level  ozone  is  a  gas 
formed  when  nitrogen  oxides  and 
volatile  organic  compounds  react  in  the 
presence  of  sunlight.   Ground-level 
ozone  is  a  primary  component  of  smog 
and  is  different  from  the  ozone  in  the 
layer  high  above  the  earth  that  protects 
us  from  the  sun  s  harmful  ultra-violet 
(UV)  rays.   The  formation  and  trans- 
port of  ozone  are  strongly  dependent 
on  meteorological  conditions.  Changing 
Weather  patterns  contribute  to  short- 
term  and  year-to-year  differences  in 
ozone  concentrations.    In  Ontario, 
elevated  concentrations  of  ground-level 
ozone  are  generally  recorded  on  hot, 
sunny  days  from  May  to  September 
between  noon  and  early  evening. 

Characteristics,  sources  and 
effects 

Ozone  is  a  colourless,  odourless  gas 
at  ambient  concentrations,  and  is  a 
major  component  of  smog. 

Ground-level  ozone  is  not  emitted 
directly  into  the  atmosphere,  however, 
it  results  from  chemical  reactions 


between  volatile  organic  compounds 
(VOCs)  and  nitrogen  oxides  (NOx)  in 
the  presence  of  heat  and  sunlight. 
Figure  2.1  shows  estimates  by  sector  of 
Ontario  s  VOC  emissions  caused  by 
human  activity.   Transportation  sectors 
account  for  approximately  30  per  cent 
of  VOC  emissions.  However,  owing  to 


the  large  forested  area  in  Northern 
Ontario,  biogenic  VOC  emissions  in 
Ontario  are  significant  -  approximately 
three  times  those  from  sources  caused 
by  human  activity.  The  sources  of 
NOx  are  discussed  In  the  nitrogen 
dioxide  section  in  Chapter  4. 

Ozone  irritates  the  respiratory  tract 


Figure  2.1  :  Ontario  VOC  Emissions  by  Sector 

(Emissions  From  Human  Activity,  2000  Estimates) 
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and  eyes.  Exposure  to  high  levels  of 
ozone  results  in  chest  tightness,  cough- 
ing and  wheezing.  Children  active 
outdoors  during  the  summer  when 
ozone  levels  are  at  their  highest  are 
most  at  risk  of  experiencing  such 
effects.    Other  groups  at  risk  include 
Individuals  with  pre-existing  respiratory 
disorders  such  as  asthma  and  chronic 
obstructive  lung  disease.  Ground-level 
ozone  has  been  linked  to  increased 
hospital  admissions  and  premature 
deaths.  Ozone  also  causes  agricultural 
crop  loss  each  year  in  Ontario  and 


noticeable  leaf  damage  in  many  crops, 
garden  plants  and  trees. 

Monitoring  results  for  2000 

Ground-level  ozone  was  monitored 
at  38  ambient  locations  during  2000, 
however,  only  36  sites  (26  urban  and 
10  rural)  had  sufficient  data  to  be 
used  In  the  analysis  presented  here. 
Once  again  the  highest  annual  mean 
(33.1  ppb)  was  measured  at  Long  Point, 
a  rural  site  on  the  northern  shore  of 
Lake  Erie,  while  the  lowest  annual 
mean  (16.9  ppb)  was  measured  at 


Hamilton  West.     Generally,  ozone  Is 
lower  in  urban  areas  because  it  is 
removed  by  reaction  with  nitric  oxide 
emitted  locally  by  vehicles. 

Among  urban  sites  in  2000,  London 
recorded  the  highest  one-hour  concen- 
tration (110  ppb),  Kitchener  recorded 
the  greatest  number  of  instances 
(25  hours)  of  ozone  above  the  one-hour 
AAQC  of  80  ppb,  and  Peterborough 
recorded  the  highest  annual  urban  mean 
(28.1  ppb). 

At  rural  sites,  Grand  Bend  on  the 
eastern  shore  of  Lake  Huron  measured 


Figure  2.2:  Number  of  Ozone  Exceedance  Days  at  Sites  Across  Ontario 

(2000) 
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the  highest  one-hour  concentration 
(128  ppb)  and  Long  Point  recorded  the 
most  number  of  instances  (105  hours) 
above  Ontario  s  one-hour  AAQC. 

Ground-level  ozone  continues  to 
exceed  its  provincial  criterion  across 


the  province.    In  2000,  Ontario  s  one- 
hour  ozone  AAQC  was  exceeded  at 
32  of  36  monitoring  stations  on  at  least 
one  occasion.    All  sites  in  Ontario 
except  Ottawa,  Cornwall,  Thunder  Bay 
and  North  Bay  recorded  at  least  one 


Figure  2.3:  Trend  of  Ozone  Exceedance  Days  and  'Hot'  Days 
(1991  -2000) 
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Figure  2.4:  Trend  of  VOC  Emission  Estimates 
(1991-2000) 
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hour  of  elevated  ozone  (above  80  ppb) 
in  2000.   People  with  heart  and  lung 
problems  are  at  higher  risk  when  ozone 
levels  exceed  80  ppb.    Sensitive  people 
may  experience  trouble  breathing  and 
their  health  may  be  affected  if  they 
engage  in  vigorous  exercise. 

Figure  2.2  shows  the  number  of 
ozone  exceedance  days  (a  day  with  at 
least  one  hour  above  the  80  ppb 
AAQC)  at  sites  across  Ontario  for 
2000.    Long  Point  recorded  the  most 
exceedance  days  (20)  or  about  five 
per  cent  of  the  days  in  2000.   This  is 
significantly  lower  than  the  38  and  42 
exceedance  days  recorded  at  Long  Point 
in  1998  and  1999  respectively  and,  is 
mostly  attributed  to  the  cool,  wet 
summer  of  2000.    Among  the  next 
eight  ozone  sites  recording  the  highest 
number  of  exceedance  days  in  2000, 
ail  axe  located  in  southwestern  Ontario 
and  six  of  the  eight  are  monitoring  in 
rural  areas. 

In  general,  ozone  levels  in  southern 
Ontario  decrease  from  southwest  to 
northeast.    As  previously  mentioned, 
more  than  50  per  cent  of  provincial 
ozone  levels  during  widespread  smog 
episodes  are  due  to  long  range  transport 
of  ozone  and  its  precursors  from 
neighbouring  U.S.  States.    This  U.S. 
contribution  is  expected  to  be  much 
higher  (as  much  as  90  per  cent)  in 
Ontario  cities  and  towns  on  the  north- 
ern shores  of  Lake  Erie,  the  eastern 
shores  of  Lake  Huron  and  in  the 
extreme  southwest  near  the  U.S. 
border. 

Trends 

Figure  2.3  shows  the  distribution  of 
the  province-wide  ozone  exceedance 
days  (at  least  one  hour  >  80  ppb)  and 
the  number  of  hot  days  (those  days 
with  maximum  air  temperatures  greater 
than  30°C)  for  the  period  1991  to 
2000.    The  number  of  hot  days  and 
the  number  of  ozone  exceedance  days 
show  a  similar  trend  over  the  10-year 
period.     Just  as  the  highest  number  of 
exceedance  days  in  1999  is  attributed 
to  the  weather  (highest  number  of  hot 
days),  the  lowest  numbers  in  2000 
reflect  conditions  less  favourable  to  the 
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formation  and  transport  of  ozone  from 
the  U.S. 

Province-wide  VOC  emissions 
show  a  decreasing  trend  for  the  period 
1991  to  1996,  after  which  they  have 
remained  fairly  constant  to  2000 
(Figure  2.4).    New  vehicle  emission 
standards  in  the  early  1 990s  and  the 
shift  in  the  consumption  of  residential 
fuels  from  oil  and  wood  to  natural  gas 
probably  contributed  to  this  trend. 
Emissions  from  forest  fires  and  natural 
sources  are  not  Included  in  the  trend; 
these  emissions  may  be  as  high  as  three 
times  the  emissions  from  human  activity. 

The  introduction  of  lower  gasoline 
volatility  beginning  in  the  summer  of 
1989  has  resulted  in  a  3.1  per  cent 
decrease  in  VOC  emissions  during 
2000.    As  well,  the  implementation  of 
Ontario  s  Drive  Clean  vehicle  inspection 
program  has  contributed  to  an  additional 
reduction  in  VOC  levels.    Overall, 
there  has  been  a  17  per  cent  reduction 
in  VOC  emissions  over  the  period 

1991  to  2000. 

The  trend  in  composite  one-hour 
maximum  ozone  concentrations  is 
shown  for  1991  to  2000,  in  Figure  2.5. 
For  the  10-year  period,  the  composite 
mean  of  the  maximum  one-hour  con- 
centrations range  from  98  to  117  ppb. 
The  composite  rural  hourly  maximum 
ozone  concentration  is  on  average  about 
10  per  cent  higher  than  the  correspon- 
ding composite  urban  one-hour 
maximum. 


Figure  2.5:  Trend  of  Ozone  Concentrations 
(1991  -  2000) 
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Note:   Annual  composite  maximum  one-hour  ozone  based  on  18  ozone  sites 
operated  over  10  years. 
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Chapter 


Particles  in  Ontario's 
Air 


farticulate  matter  (PM)  is  the 
general  term  used  for  a  mixture  of  solid 
particles  and  liquid  droplets  found  in 
the  air.  These  particles,  which  come 
in  a  wide  range  of  sizes,  originate  from 
many  different  stationary  and  mobile 
sources  as  well  as  from  natural  sources. 
They  may  be  emitted  directly  from  a 
source  or  formed  in  the  atmosphere  by 
the  transformation  of  gaseous  emissions. 
This  chapter  discusses  the  ambient 
monitoring  results  and  trends  for  the 
24-hour  (sampling  every  sixth  day) 
inhalable  particles  (PMu)  network,  and 
the  real-time  continuous  inhalable 
(PMjo)  and  respirable  (PM>  s)  particle 
network. 

Characteristics,  sources  and 
effects 

Particles  include  aerosols,  smoke, 
fumes,  dust,  fly  ash  and  pollen. 
Composition  varies  with  place  and 
season.  Particles  in  the  atmosphere 
have  been  characterized  according  to 
size  mainly  because  of  the  different 
health  effects  from  particles  of  different 
diameters.  Particles  less  than  1 0  microns 
and  2.5  microns  in  diameter  are  defined 
as  inhalable  particles  (PM10)  and 
respirable  particles  (PMzs),  respectively. 
The  smaller  the  particle  size  the  further 


the  particle  will  penetrate  into  the  lungs. 

PM10  particles  are  emitted  from 
industrial  sources  such  as  fuel  combus- 
tion, energy  production,  incineration, 
construction,  mining,  metal  smelting 
and  processing  (Figure  3.1).  In  the 
urban  airshed,  motor  vehicle  exhaust, 
residential  wood  combustion  and  road 
dust  are  the  major  sources.  Natural 
sources  include  wind-blown  soil,  forest 
fires,  ocean  spray  and  volcanic  activity. 
PM2  s  material  is  primarily  formed  from 
chemical  reactions  in  the  atmosphere 
and  through  combustion. 


The  greatest  effect  on  health  is  from 
particles  10  microns  or  less  in  diameter, 
which  can  aggravate  bronchitis,  asthma 
and  other  respiratory  diseases.  People 
with  asthma,  cardiovascular  or  lung 
disease,  as  well  as  children  and  elderly 
people,  are  considered  to  be  the  most 
sensitive  to  the  effects  of  particles. 
Particles  are  also  responsible  for  corro- 
sion, soiling,  damage  to  vegetation  and 
reductions  in  visibility. 

As  a  result  of  the  growing  concern 
for  health  effects  due  to  inhalable  parti- 
cles, Ontario  introduced,  in  November 


Figure  3.1  :  Ontario  PMu.  Emissions  by  Sector 

(Emissions  From  Human  Activity,  1995  Estimates') 
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1997,  an  interim  inhalable  particulate 
(PMio)  criterion  of  50  pg/m3  on  a 
24-hour  basis.  More  recently  (June 
2000),  a  draft  Canada- Wide  Standard 
(CWS)  was  signed  for  PM  smaller 
than  2.5  microns  (PM*s).  as  they  pose 
the  greatest  potential  for  human  health 
effects.  The  proposed  CWS  for  PMz  5 
uses  30  pg/m3  on  a  24-hour  basis. 
These  criteria  levels  will  be  used  as 
yardsticks  for  assessing  the  data  in  the 
following  discussion. 

Monitoring  results  for  24-hour 
inhalable  particles  (PMio) 

Throughout  the  1990s  and  more 
recently  from  1996  to  2000,  the 
ministry  has  increased  monitoring  for  the 
smaller  fraction  (less  than  10  microns) 
of  the  particulate  matter  due  to  growing 
health  concerns,  and  its  association 
with  transboundary  pollution.  In  2000, 
Ontario  had  a  total  of  43  ambient  PM 
monitors  operating  across  the  province, 
which  is  more  than  double  the  20  PM 
monitors  operating  in  1996. 

Twenty-four  hour  inhalable  particles 
(six-day  sampling  cycle)  are  measured  by 
a  modified  hi-volume  (hi-vol)  sampler 
outfitted  with  a  size  selective  inlet  to 
restrict  particle  size  to  less  than  10 
microns.  This  is  the  size  range  of  the 
particle  most  likely  to  be  inhaled  and 
deposited  into  the  deepest  part  of  the 
lung  (thoracic  region) .  The  daily  mass 
of  the  inhalable  particles  is  computed 
from  the  mass  of  the  collected  particles 
and  the  volume  of  air  sampled.  Quartz 
fibre  filters  are  used  as  the  filter  medium 
for  collection.  The  filters  are  also 
analyzed  for  metals  and  sulphate  com- 
position. These  results  are  presented 
in  the  appendix  to  this  report. 

In  2000,  24-hour  PMio  levels  were 
measured  at  25  urban  locations. 
.Twelve  of  the  25  sites  monitored  ambi- 
ent levels  and  will  be  included  in  the 
discussion  here.  Annual  statistics  for  the 
remaining  13  sites,  which  are  located 
in  the  vicinity  of  specific  sources,  can 
be  found  in  the  separate  appendix 
document. 

Figure  3.2  shows  the  distribution  of 
the  24-hour  PMm  annual  geometric 
means  at  ambient  sites  across  Ontario. 


The  two  sites  recording  the  highest 
annual  means  during  2000  were  both 
located  in  Windsor.  The  Windsor 
Wyandotte  Street  and  Windsor 
Downtown  sites  recorded  annual 
means  of  26.5  and  26.2  pg/m3  respec- 
tively, indicating  transboundary  impact. 
The  maximum  24-hour  concentration 
(99  pg/m3)  was  measured  in  Oakville. 


Eight  of  the  1 2  ambient  PMio  sites 
recorded  exceedances  of  the  24-hour 
interim  criterion  (50  pg/m3)  during 
2000.  The  highest  percentage  of 
exceedance  days  (15.8)  was  recorded 
at  the  two  sites  in  Windsor,  once  again 
indicating  transboundary  impact. 


Figure  3.2:  24-Hour  PMio  Annual  Geometric  Means 
(2000) 
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Figure  3.3:  Trend  of  24-Hour  PMi 
(1991-2000) 
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Trends  in  24-hour  PMio 

The  provincial  trend  in  24-hour 
PMio  levels  for  six  ambient  urban 
locations  over  the  past  ten  years  is 
shown  in  Figure  3.3.  No  trend  is 
apparent.  However,  the  highest  com- 
posite geometric  mean  (22. 1  pg/m3)  was 
measured  in  1 994  and  the  lowest  mean 
(18.4  pg/m3)  in  1995  and  1997.  The 
2000  composite  mean  was  18.8  pg/m3. 

Real-time  PWWPWhs  monitoring 

In  June  of  1995,  the  ministry 
installed  a  state-of-the-art  continuous 
(inhalable  and  respirable)  monitoring 
network  of  five  sites  across  the  province. 
By  2000,  this  network  had  increased  in 
size  to  a  total  of  27  ambient  sites,  10 
PMio  and  1 7  PM2  s.  Continuous  hourly 
measurements  of  inhalable  and 
respirable  particles  are  obtained  by  the 
Tapered  Element  Oscillating 
Microbalance  (TEOM)  method.  The 
PM10/PM2  s  monitoring  is  intended  to 
allow  capture  of  immediate  changes 
in  inhalable  particle  levels  in  urban 
communities,  near  local  industries  and 
in  areas  affected  by  transboundary 
sources. 

Monitoring  results  for  real-time 

PM,o/PM25 

In  2000,  monitoring  for  real-time 
PMio  was  conducted  at  10  ambient 
monitoring  locations.  The  24-hour 
statistics  for  2000  for  the  ten  locations 
are  shown  in  Figure  3.4.  The  annual 
mean  levels  for  PMio  at  the  10  ambient 
sites  ranged  from  a  low  of  14.2  pg/m3 
in  Peterborough  to  a  maximum  of 
24.2  pg/m3  in  Windsor.  The  highest 
24-hour  average  (79.4  pg/m3)  was 
recorded  at  the  Wm.  Merrifield  school 
site  in  Sault  Ste.  Marie.  The  provincial 
ambient  average  for  PMio  during  2000 
was  18.7  pg/m3. 

In  2000,  continuous  monitoring  for 
PM-s  was  conducted  at  a  total  of  17 
ambient  monitoring  locations.  Fourteen 
of  the  17  sites  recorded  sufficient  data 
to  be  discussed  here  and  their  24-hour 
statistics  are  shown  in  Figure  3.5.  The 
annual  mean  levels  ranged  from  a  low 
of  8.0  pg/m3  in  North  Bay  to  a  maximum 
of  15.0  pg/m3  in  downtown  Hamilton. 


Figure  3.4:  Summary  Statistics  for  24-Hour  PMioas 
Measured  by  TEOM  (2000) 
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Figure  3.5:  Summary  Statistics  for  24-Hour  PM  •  as 
Measured  by  TEOM  (2000) 
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The  highest  24-hour  average 
(40.4  pg/m3)  was  recorded  at  Toronto 
North.  The  provincial  ambient  average 
for  PM2  s  during  2000  was  1 1 .2  pg/m3. 
During  2000,  the  98*  percentile  was 
exceeded  at  only  two  locations, 
Hamilton  Downtown  and  Sarnia. 

The  geographical  distribution  of  the 
number  of  PMio  exceedance  days 
(24-hour  concentration  greater  than 
Ontario's  interim  of  AAQC  of  50  pg/m3) 
and  PM2  s  exceedance  days  (24-hour 
concentration  greater  than  the  proposed 
CWS  of  30  pg/m3)  is  shown  in 


Figure  3.6.  Only  five  of  the  ten  PMio 
monitoring  sites  recorded  exceedance 
days  during  2000.  The  highest  number 
of  exceedance  days  were  recorded  in 
Sault  Ste.  Marie  (12  days)  followed  by 
Windsor  (9  days) ,  Etobicoke  South 
(4  days),  Toronto  West  and  Stouffville 
(1  day).  The  number  of  PM2S 
exceedance  days  ranged  from  0  in 
North  Bay  to  1 7  in  Hamilton.  All 
PM25  monitoring  sites  in  southern 
Ontario  recorded  at  least  one 
exceedance  day  during  2000. 
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Figure  3.6:  Geographical  Distribution  of  PIVWPMz  5  Exceedance  Days  Across  Ontario  (2000) 
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Chapter  4 


Other  Criteria 
Contaminants 
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haracteristics,  sources  and  effects 
of  sulphur  dioxide  (SO2) ,  nitrogen 
dioxide  (NO2),  carbon  monoxide 
(CO),  total  reduced  sulphur  (TRS) 
compounds  and  mercury  (Hg)  are 
discussed  in  this  chapter,  as  well  as 
their  ambient  concentrations  for  2000 
and  trends  over  time  where  applicable. 
Corresponding  annual  emission  estimate 
trends  are  also  discussed. 


ULPHUR  DlOXiDE  (SO2) 


Characteristics,  sources  and 
effects 

SOz  Is  a  colourless  gas  that  smells 
like  burnt  matches.  It  can  be  oxidized  to 
sulphur  trioxide,  which  in  the  presence 
of  water  vapour  is  readily  transformed 
to  sulphuric  acid  mist.  SOz  can  also  be 
oxidized  to  form  sulphuric  acid  aerosols. 
SOz  is  also  a  precursor  to  sulphate  salts, 
which  are  one  of  the  main  components 


of  respirable  particles  in  the  atmosphere. 

Approximately  69  per  cent  of  the 
SOz  emitted  in  Ontario  in  2000  came 
from  smelters  and  utilities  (Figure  4.1). 
Other  industrial  sources  include  Iron 


and  steel  mills,  petroleum  refineries,  and 
pulp  and  paper  mills.   Lesser  sources 
include  residential,  commercial  and 
industrial  space  heating.   The  highest 
concentrations  of  SO2  historically  have 


Figure  4.1:  Ontario  Sulphur  Dioxide  Emissions  by  Sector 

(Emissions  From  Human  Activity,  2000  Estimates) 
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been  recorded  in  (he  vicinity  of  large 
industrial  sources. 

Health  effects  caused  by  exposure 
to  high  levels  of  SO2  Include  breathing 
problems,  respiratory  Illness,  changes  In 
the  lung's  defences,  and  worsening 
respiratory  and  cardiovascular  disease. 
People  with  asthma,  chronic  lung  or 
heart  disease  are  the  most  sensitive  to 
SO2.   SO2  also  damages  trees  and  crops. 
SO2  and  NOx  are  the  main  precursors 
of  acid  rain,  which  contributes  to  the 
acidification  of  lakes  and  streams, 
accelerated  corrosion  of  buildings,  and 
reduced  visibility.    SOz  also  causes 
formation  of  microscopic  acid  aerosols, 
which  have  serious  health  implications 
and  contribute  to  climate  change. 

Monitoring  Results  for  2000 

Monitoring  for  SO2  was  performed 
at  24  ambient  locations  in  2000,  how- 
ever, only  23  sites  had  sufficient  data  to 
be  used  in  the  analysis  presented  here. 
Sarnla  recorded  both  the  highest  annual 
mean  (10.4  ppb)  and  the  maximum 
24-hour  concentration  (78.1  ppb) 
during  2000.    Science  North  In  Sudbury 
recorded  the  highest  one-hour  concen- 
tration (567  ppb).   In  2000,  the 
Science  North  site  in  Sudbury  and  the 
Mississauga  site  were  the  only  ambient 
sites  to  record  an  instance  above  the 
SOz  one-hour  criterion  of  250  ppb. 
The  SO2  one-hour  criterion  was 
exceeded  five  times  at  the  Science 
North  site  and  only  one  time  at  the 
Mississauga  site  in  2000.  However,  the 
24-hour  criterion  for  SO2  (100  ppb)  was 
not  exceeded  at  any  ambient  site  in 
Ontario  during  2000 

Figure  4.2  shows  the  annual  SO2 
means  at  ambient  sites  across  Ontario. 
Sarnla  and  Windsor  recorded  the 
highest  annual  levels  in  2000.   The 
annual  levels  across  the  province  ranged 
from  0.3  ppb  in  Thunder  Bay  to  10.4 
ppb  In  Sarnla.    The  annual  criterion  of 
20  ppb  for  SO2  was  not  exceeded  In 

2000. 
Trends 

As  mentioned  earlier  in  the  report, 
over  the  long  term,  1971-2000, 
Ontario  s  SO2  emissions  decreased  by 


Figure  4.2:  Annual  Sulphur  Dioxide  Means 
(2000) 
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Figure  4.3:  Trend  of  Sulphur  Dioxide  Emission  Estimates 
(1991-2000) 
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82  per  cent,  while  average  ambient 
SO2  levels  in  the  province  improved  by 

83  per  cent  during  the  same  period. 
Regulations  346  and  350,  control 
orders  on  smelting  operations  and  the 
Countdown  Acid  Rain  program  have 
resulted  in  significant  decreases  of  SO2 
emissions  over  the  first  three  years 


(1991-1994)  of  the  last  decade 
(Figure  4.3).    Over  the  short  term, 
however,  SO2  emissions  have  remained 
about  the  same  level  since  1994.    The 
annual  mean  of  SO2  levels  over  a 
1 0-year  period  (l  991-2000)  show  a 
decrease  in  the  early  1990s.    However, 
SO2  levels  Increased  In  1996  and  have 
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remained  at  a  more  constant  level 
through  to  2000  (Figure  4.4).    In  1991, 
the  annual  composite  mean  was  4. 1 
ppb  In  comparison  to  4.4  ppb  in  2000. 
Despite  this  small  Increase  of 
7.3  per  cent  over  the  10  year  period, 
the  annual  mean  of  SO2  concentrations 
In  2000  has  decreased  4.3  per  cent 
since  1999. 

Lambton  Industry 
Meteorological  Alert  (LIMA) 

The  Lambton  Industry  Meteorological 
Alert  is  covered  by  the  Environmental 
Protection  Act,  Regulation  350. 
Application  is  limited  to  that  part  of  the 
County  of  Lambton  bounded  by  Lake 
Huron,  the  St.  Clair  River,  Highway  80, 
Moore  Township  and  its  continuation 
through  that  part  of  Highway  40,  and 
Lambton  County  Road  27,  which 
includes  Sarnia. 

The  Mnister  may  declare  an  alert 
when  the  24-hour  running  average 
SOz  concentration  at  any  station  in  the 
LIMA  system  reaches  70  ppb  and 
meteorological  forecasts  indicate  six 
hours  or  more  of  conditions  conducive 
to  elevated  SO2  concentrations.   The 
alert  is  issued  at  70  ppb  to  prevent  levels 
from  reaching  the  Ontario  24-hour 

AAQCforSCMlOOppb). 

Two  monitoring  sites  are  located  in 
Sarnia  (Front  Street  and  Centennial 
Park)  and  one  in  Corunna  (River  Bend). 

Seven  alerts  were  Issued  during 
2000.    Three  of  these  alerts  were 
based  on  measurements  from  the  Front 
Street  monitor,  another  three  from  the 
Centennial  Park  monitor  and  one  alert 
was  based  on  measurements  from 
River  Bend.    The  highest  24-hour  SO2 
running  average  (105  ppb)  was  recorded 
at  Front  Street  and  at  Centennial  Park 
during  the  LIMA  of  February  2 1  to 
February  23,  and  of  September  20, 
2000,  respectively.    LIMA  alerts  called 
during  the  past  20  years  are  shown  in 
Figure  4.5.    On  average,  there  have 
been  six  alerts  called  per  year  since  the 
inception  of  the  program  in  1 98 1 . 


Figure  4.4:  Trend  of  Sulphur  Dioxide  Concentrations 

(1991-2000) 
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Figure  4.5:  Lambton  Industry  Meteorological  Alert  (LIMA) 
Summary  (1981  -2000) 
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ITROGCN  DiOXlOE  (NO?) 


Characteristics,  sources  and 
effects 

NO2  is  a  reddish-brown  gas  with  a 
pungent  and  irritating  odour.    It  trans- 
forms In  the  air  to  form  gaseous  nitric 
acid  and  toxic  organic  nitrates.   NO2 
also  plays  a  major  role  in  atmospheric 
reactions  that  produce  ground-level 
ozone,  a  major  component  of  smog.    It 
is  also  a  precursor  to  nitrates,  which 


contribute  to  increased  respirable  particle 
levels  in  the  atmosphere. 

All  combustion  in  air  produces 
nitrogen  oxides  (NOx),  of  which  NO2 
is  a  major  component.   Approximately 
63  per  cent  of  NOx  comes  from  the 
transportation  sector  in  Ontario 
(Figure  4.6).    A  large  part  of  the  remain- 
ing 37  per  cent  comes  from  fossil  fuel 
power  generation,  primary  metal 
production  and  incineration.    Natural 
sources  of  NOx  include  lightning  and 
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the  aerobic  activity  of  soil  bacteria. 

NO2  can  irritate  the  lungs  and  lower 
resistance  to  respiratory  infection. 
People  with  asthma  and  bronchitis 
have  increased  sensitivity.   NO2  chemi- 
cally transforms  into  nitric  acid  and, 
when  deposited,  contributes  to  lake 
acidification.    Nitric  acid  can  also 
corrode  metals,  fade  fabrics,  degrade 
rubber,  and  damage  trees  and  crops. 

Monitoring  results  for  2000 

Monitoring  for  NO2   was  performed 
at  30  ambient  locations  in  2000,  how- 
ever, only  26  sites  had  sufficient  data  to 
be  used  in  the  analysis  presented  here. 
Etobicoke  South  recorded  the  highest 
annual  mean  (28.2  ppb)  and  the  highest 
24-hour  concentration  (64.2  ppb)  during 
2000,  whereas  Sarnia  recorded  the 
highest  one-hour  concentration 
(156.0  ppb).   Typically,  the  highest 
annual  NO2  means  are  recorded  in 
larger  urban  centres  such  as  Toronto, 
Mississauga,  and  Hamilton,  due  to 
their  large  vehicle  fleets  (Figure  4.7). 
The  one-hour  criterion  of  200  ppb  for 
NO2  and  the  24 -hour  limit  of  100  ppb 
were  not  exceeded  during  2000. 

Trends 

Provincial  average  ambient  NO 2 
levels  have  remained  relatively  constant 
over  the  last  decade  (1991-2000). 
Average  concentrations  in  2000  were 
5.7  per  cent  lower  than  the  levels 
recorded  in  1991  (Figure  4.8). 
Provincial  NOx  emissions  in  2000  are 
8.4  per  cent  lower  than  those  in  1991 
(Figure  4.9).    This  decrease  is  attributed 
to  reductions  in  emissions  from  the 
industrial  and  transportation  sectors  in 
the  early  1 990s.    The  implementation 
of  Ontario  s  Drive  Clean  vehicle  inspec- 
tion program  in  1999  has  resulted  in  a 
decrease  of  NOx  enùssions  due  to  the 
improvement  in  vehicle  maintenance. 


arbon  Monoxide  (CO) 


Characteristics,  sources  and 
effects 

CO  Is  a  colourless,  odourless, 
tasteless  and  at  high  concentrations,  a 
poisonous  gas  produced  primarily  by 


Figure  4.6:  Ontario  Nitrogen  Oxides  Emissions  by  Sector 

(Emissions  From  Human  Activity,  2000  Estimates) 
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incomplete  burning  of  fossil  fuels. 

The  transportation  sector  accounts 
for  65  per  cent  of  all  CO  emissions  from 
human  activity  in  Ontario  (Figure  4. 10). 
A  large  part  of  the  remaining  CO 
emissions  come  from  primary  metal 
producers  (24  per  cent)  and  from  fuel 
combustion  in  space  heating  and 
industrial  processes  (6  per  cent). 

CO  enters  the  bloodstream  and 
reduces  oxygen  delivery  to  the  organs 
and  tissues.    People  with  heart  disease 


are  particularly  sensitive.    Exposure  to 
high  levels  is  linked  with  the  impairment 
of  vision,  work  capacity,  learning  ability 
and  performance  of  difficult  tasks. 

Monitoring  results  for  2000 

Monitoring  for  CO  was  performed 
at  19  ambient  locations  in  2000,  how- 
ever, only  1 8  sites  had  sufficient  data  to 
be  used  in  the  analysis  presented  here. 
The  highest  annual  mean  (1 .8  ppm) 
was  recorded  at  the  Toronto  West  site. 
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Figure  4.8:  Trend  of  Nitrogen  Dioxide  Concentrations 
(1991-2000) 
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Figure  4.9:  Trend  of  Nitrogen  Oxides  Emission  Estimates 
(1991-2000) 
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The  highest  eight-hour  measured  CO 
value  (5.0  ppm)  was  recorded  at 
Mississauga  while  the  highest  one-hour 
concentration  (l  1.8  ppm)  was  measured 
in  downtown  Windsor.    Highest  CO 


levels  are  recorded  typically  in  larger 
urban  centres  as  a  result  of  vehicle 
emissions  (Figure  4.  II).    The  CO 
one-hour  (30  ppm)  and  eight-hour 
(13  ppm)  ambient  air  quality  criteria 


have  not  been  exceeded  since  1991. 

Trends 

The  trends  in  provincial  averaged 
one-hour  and  eight-hour  maximum 
CO  concentrations  are  shown  in 
Figure  4.12  for  the  period  of  1991  to 
2000.    Over  this  10-year  period,  ambi- 
ent CO  concentrations  as  measured  by 
the  composite  average  of  the  one-  and 
eight-hour  maximums  decreased  by  39 
and  33  per  cent,  respectively.   The 
CO  composite  annual  mean  in  2000  is 
25  per  cent  less  than  the  corresponding 
1991  composite  mean.    These  reduc- 
tions in  ambient  CO  levels  have 
occurred  despite  a  20  per  cent  increase 
in  vehicle-kilometres  travelled  over  the 
same  10-year  period  (Figure  4.13). 

Provincial  CO  emissions  show  a 
small  decline  (4.1  per  cent)  between 
1991  and  2000  due  to  the  fleet  change 
to  newer  vehicles  with  more  stringent 
emission  standards  (Figure  4.14).   The 
transportation  sector  accounts  for 
65  per  cent  of  the  provincial  total  CO 
emissions. 


emu  Reduced  Sulphur  (TRS)  CompouWb 


Characteristics,  sources  and 
effects 

TRS  compounds  produce  an  often 
sive  odour  similar  to  rotten  eggs  or 
cabbage. 

Industrial  sources  of  TRS  com- 
pounds include  the  steel  industry,  pulp 
and  paper  mills,  refineries  and  sewage 
treatment  facilities.    Natural  sources 
include  swamps,  bogs  and  marshes. 

TRS  compounds  are  not  normally 
considered  a  health  hazard  except  at 
very  high  concentrations.   They  are, 
however,  a  primary  cause  of  odours. 

Monitoring  results  for  2000 

Monitoring  for  TRS  compounds 
was  performed  at  1 0  ambient  locations 
in  2000.    The  highest  annual  TRS 
mean  (1.2  ppb)  was  recorded  in 
Oakville  during  2000.    The  maximum 
one-hour  concentration  (101  ppb)  was 
measured  at  the  Windsor  West  site 
where  the  greatest  number  of  hours 
(26)  above  the  AAQC  was  recorded 
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as  well.    Elevated  TRS  levels  in 
Windsor  are  mainly  attributed  to  trans- 
boundary  impact  from  nearby  sources 
in  Michigan. 


Trends 

The  10-year  trend  in  provincial 
composite  averaged  TRS  levels  at 
ambient  monitoring  sites  is  shown  in 


Figure  4.10:  Ontario  Carbon  Monoxide  Emissions  by  Sector 

(Emissions  From  Human  Activity,  2000  Estimates) 
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Figure  4. 15.    An  overall  decreasing 
trend  over  the  10-year  period  is  evident. 
Provincial  mean  ambient  TRS  levels  in 
2000  are  33.3  per  cent  lower  than 
they  were  in  1 99 1 .   This  decrease  is 
mainly  attributed  to  abatement  and 
regulatory  action  taken  by  the  ministry 
over  the  years. 


ERCURY  (Hg) 


Characteristic,  sources  and 
effects 

Mercury  is  unique  as  it  is  the  only 
metal  that  is  a  liquid  at  room  tempera- 
ture. It  is  probably  best  known  as  the 
silver  liquid  in  thermometers. 

Mercury  is  of  concern  as  an 
environmental  contaniinant  because  of 
its  ability  to  accumulate  in  living 


Figure  4.11:  Geographical  Distribution  of  One-Hour  Maximum  Carbon  Monoxide  Concentrations 

Across  Ontario  (2000) 
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Figure  4.12:  Trend  of  Carbon  Monoxide  One-Hour 
and  Eight-Hour  Maximum  (1991  -  2000) 
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Figure  4.13:  Trend  of  Vehicle-Kilometres  Travelled 
(1991  -  2000) 
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mercury  in  the  atmosphere  has  taken 
place. 

The  sources  of  mercury  deposition 
in  Ontario  are  transboundary  and 
natural  (75%),  incinerators  (12.5%), 
thermal  generating  stations  (2.5%),  and 
other  sources  (10%).    Mercury  occurs 
naturally  in  the  environment  as  mercuric 
sulphide.    It  is  also  present  in  some  fossil 
fuels. 

Potential  health  effects  resulting 
from  exposure  to  mercury  Include 
leukemia  and  other  cancers;  reproduc- 
tive and  developmental  effects  such  as 
Impaired  development  In  newborn  and 
young  children;  and  damage  to  the 
pulmonary  system.    Effects  of  mercury 
on  the  aquatic  ecosystem  are  of  partic- 
ular concern  as  levels  bio-accumulate 
In  animals  at  the  top  of  the  food  chain 
resulting  in  exposure  many  times  higher 
than  directly  from  water  or  air. 

Monitoring  results  for  2000 

Continuous  air  monitoring  for 
elemental  mercury  is  relatively  new  to 
Ontario  s  routine  air  monitoring  net- 
work.   Monitoring  for  mercury  was 
conducted  at  two  locations,  Toronto 
West  and  Mississauga,  during  2000. 
The  maximum  one-hour  Hg  readings 
at  Toronto  West  and  Mississauga  were 
50.4  ng/m3  and  27.7  ng/m3,  respectively 
during  2000.   These  levels  are  well 
below  the  provincial  one-hour  guideline 
of  5000  ng/m3.    Ninety-nine  per  cent  of 
the  measured  one-hour  concentrations 
were  less  than  6  ng/m3  at  both  sites. 

During  2000,  ambient  annual  levels 
of  mercury  were  in  the  2  ng/m    range 
at  both  monitoring  locations.    These 
levels  are  similar  to  measurements 
made  at  other  locations  in  North 
America. 
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organisms,  potentially  reaching  concen- 
trations which  could  pose  a  hazard  to 
health  In  humans  and  wildlife.    The 
increase  of  mercury  in  the  aquatic  food 
chain  results  in  relatively  high  levels  of 


mercury  in  fish  consumed  by  humans. 
Although  mercury  has  been  recognized 
as  an  environmental  pollutant  for 
decades,  relatively    limited  monitoring 
for  the  assessment  and  behaviour  of 
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Figure  4.14:  Trend  of  Carbon  Monoxide  Emission  Estimates 
(1991-2000) 
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Figure  4.15:  Trend  of  TRS  Concentrations 
(1991  -2000) 
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Air  Quality  Index 
(AQI)  and  Smog  Alert 
Proa  ram 


Air  Quality  Indices  (AQI) 

The  Ministry  of  the  Environment 
operates  an  extensive  network  of  air 
quality  monitoring  sites  across  the 
province.    In  2000,  thirty-four  of  these 
sites  tn  24  urban  centres  and  six  rural 
areas  form  the  basis  of  the  Air  Quality 
Index  (AQI)  network.   The  Air  Qualify 
Office  at  the  Environmental  Monitoring 
and  Reporting  Branch  continually  obtains 
data  for  several  criteria  pollutants  from 
the  34  sites.    In  2000,  for  the  first  time 
since  the  inception  of  the  AQI  program 
in  1988,  rural  AQI  values  were  reported 
during  the  smog  season  (May  1  - 
September  30). 

The  AQI  network  provides  the 
public  with  real-time  air  quality  infor- 
mation across  the  province.   The  AQI 
i$  based  on  poltutants  that  have  adverse 
effects  on  human  health  and  the 
environment.  The  pollutants  are 
;$utphur  dioxide  (SCfc),  ozone  (Oi), 


nitrogen  dioxide  (NO2),  total  reduced 
sulphur  (TRS)  compounds,  carbon 
monoxide  (CO)  and  suspended  particles 
(or)  measured  as  the  coefficient  of 
haze  (COH) .    At  the  end  of  each  hour, 
the  concentration  of  each  pollutant 
measured  at  a  particular  site  is  converted 
Into  a  number  that  ranges  from  zero 
upwards  using  a  common  scale  or 
index.   The  calculated  number  for  each 
pollutant  is  called  a  sub-index. 

At  a  given  site  the  highest  sub-index 
for  any  given  hour  becomes  the  AQI. 
The  lower  the  index,  the  better  the  air 
quality.    The  index  values,  correspon- 
ding categories  and  potential  health 
and  environmental  effects  are  shown 
In  Table  5. 1 . 

If  the  AQI  value  is  below  32,  the  air 
quality  is  considered  good.   For  AQI 
values  in  the  32-49  range  (moderate 
category)  there  may  be  some  adverse 
affects  on  very  sensitive  people.    For 


index  values  In  the  50-99  range  (poor 
category)  the  air  quality  may  have 
some  short  term  adverse  effects  on  the 
human  or  animal  populations,  or  may 
cause  significant  damage  to  vegetation 
and  property.   With  an  AQI  value  of 
100  or  more  (very  poor  category)  the 
air  quality  may  cause  adverse  effects 
for  a  large  proportion  of  those  exposed. 

Computed  air  quality  indices  and 
air  quality  forecasts  are  released  to  the 
public  and  news  media  at  set  intervals 
each  day.   The  public  can  access  the 
index  values  by  calling  the  ministry's 
automatic  telephone  answering 
device  (ATAD),  English  recording! 
1-800-387-7768  or  in  Toronto 
4 1 6-24  6-04 1  1 ,  and  French  recording: 
1  -800-22 1  -8852.    The  AQI  values  can 
also  be  obtained  from  the  ministry  s 
Web  site!  www.airqualityontarlo.com. 

Air  quality  forecasts  are  provided 
daily  based  on  meteorological  conditions 


Table  5.1  :  Air  Quality  Index  Pollutants  and  Their  Impact 


Index 


Category 


Car  Don 
Monoxide 


Wtrogen 

Dioxide 

(NO-4 


Ozone  Sulphur  Suspended  SO;»  SP        Total  Reduced 

(CM  Dioxide  Particles         (As  measured         Sulphur 

(SCfc)  (SP)  bytheAPO  (TRS) 

Compounds 


0-15 


16-31 


32-49 


Very  good 
Good 

Moderate 


SO-M 


Poor 


100-om 


Very  poor 


No  known  harmful 


No  known  harmful 
effects 


Blood  chemistry 
changes,  but  no 
noticeable 
impairment 


œreasec  symptoms 
at  smofesrswitfe 
heart  disease 


No  known  hannful 
effects 

Slight  odour 


Odour 


Air  smells  and  looks 
brown.  Some 
increase  in 
bronchial  react  rvity 
inpeoplewith 
asthma 


naeasnc  symptoms  i  ncreasjig  senstMy 


tt  non-  smokers 
wSh  heart  diseases, 
burredvs.orr.sorae 
cumsœss 


for  people  win 
asthma  anc 
bronchts 


So  knew  harmful 


So  known  harmful 
effects 


Respratory  JMaton 
■nsensïve  people 
dunngvigorous 
exercse:  peope 
wth  heartfojng 
dsoreersatsome 
risk  damages  very 
sersdwepfarrts 

Sertstve  people 
may  experience 
nteton  when 
breath  jig  and 
possb-'e  lung 
carnage  shen 
physci  y  arrive: 
peop-'ewtth 
heart/iungd  setters 
at  greater  risk: 
damages  some 
plants 

Serious  resp  ratory 
effects,  even  ourng 
Sghtpnysraiactarty; 
peop*  with 
heart/  ung  cisoniers 
athghrslcmore 
vegetat  on  carnage 


No  known  twmtfui  \  No  known  harmful 


effects 


:  effects 


Damages  some  j  No  known  harmful 

vegetation  it  I  effects 

combination  with  î 
ozone 


Damages  some 
vegetation 


Some  decrease  in 

visibility 


Odourous  iicreas- 
iig  vegetation 
damage 


No  known  harmful 


No  known  harmful 


No  known  harmful 
effects 


Sight  odour 


Damages  végéta-     j  Odour 
tien  (Le.  tomatoes,  j 
white  beans  due  to  \ 
sulphur  dioxide) 


Decreased  visibility; 
soiling  evident 


messngseretvity 
*or  peopSwim 
asthma  and 

brcncMs 


tareasjtgsensitvty  ;  S  çn  f  cant  affects 
fer  peopSe with       ;  'or  peop  e  w'ft 


Increased  symp- 
toms for  people 
wt*  chronic  lung 
disease 


Ssong  odour 


asthma  anc 
bronchitis 


asthma  anc 
bronchts 


r.some 
'  people  may 
expersncerauses 
anc  headaches 


and  short-term  pollution  levels  in 
Ontario  and  bordering  U.S.  states. 
These  forecasts  are  provided  with  the 
AQI  report  on  the  ATAD  and  can  also 
be  accessed  via  the  ministry's  Web  site. 

Summary  AQI  levels  (2000) 

Table  5.2  shows  the  number  of 
hourly  AQI  values  for  the  34  monitoring 
locations,  according  to  the  descriptive 
category  and  the  pollutant  responsible 
for  the  AQI  above  31.    Air  quality  was 
most  often  in  the  "good  to  very  good" 
categories  at  all  AQI  sites  across  the 
province.    Based  on  the  cumulative 
total  number  of  monitoring  hours 
(288,351)  at  the  34  sites,  on  average, 
good  to  very  good  air  quality  was  report- 
ed 95.6  per  cent  of  the  time,  moderate 
and  poor  air  quality  4.2  percent  and 


0.2  percent  of  the  time,  respectively. 
Three  sites,  Ottawa,  Cornwall  and 
North  Bay,  did  not  record  any  hours  of 
poor  air  quality.   A  total  of  696  hours 
of  poor  air  quality  were  recorded  in 
2000,  based  on  data  from  the  34  sites. 
The  six  rural  AQI  sites  were  responsible 
for  approximately  50  per  cent  of  the 
poor  air  quality  hours  recorded.    This 
means  that  the  28  urban  sites  reported 
only  350  hours  of  poor  air  quality. 
Figure  5.1  shows  composite  pie 
diagrams  of  the  percentages  of  very 
good,  good,  moderate  and  poor  air 
quality  recorded  at  sites  across  the 
province.    The  pie  diagram  on  the  left 
shows  category  percentages  and  that  on 
the  right  breaks  down  the  poor  air 
quality  slice  into  percentages  of  pollu- 
tants associated  with  the  AQI  above  49. 


Poor  air  quality  at  the  majority  of  the 
AQI  sites  was  due  only  to  ozone.   This 
pollutant  accounted  for  approximately 
97  per  cent  of  the  number  of  poor  air 
quality  hours  recorded  during  2000  at 
the  AQI  sites.    TRS  accounted  for 
approximately  3  per  cent  of  the  poor 
AQI  values  and  was  recorded  primarily 
at  Windsor  West. 

The  geographical  distribution  of  the 
number  of  days  of  AQI  greater  than  49 
is  shown  in  Figure  5.2.    The  highest 
number  of  poor  days  was  recorded  at 
Long  Point  (20  days),  a  rural  AQI  site. 
For  urban  sites,  the  Windsor  West  site 
recorded  14  days.    Ten  of  these  days, 
however,  were  due  to  high  levels  of 
TRS  and  this  reflects  the  influence  of 
the  nearby  emission  sources  in 
Michigan.    In  contrast,  the  Windsor 
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Table  5.2:  Air  Quality  Index  Summary  (2000) 

StatD 

City/Town 

V-Good 
0-15 

Number  ot  Hours  in 

Good          Mod. 
1631          32-4» 

AQI Range 
Poor 
50-99 

V-Poor 
100+ 

Valid  hours        SP 

t  of  hours  Pollutant  Responsible  lor  AQI  >  3 
0)            TRS            SO.           CO 

SO. 

#  of  days 
th>31 

I  of  days 
1h>49 

12008 

Windsor  Downtown 

5915 

2473 

374 

22 

0 

8784 

0 

396 

X 

0 

0 

0 

69 

9 

12016 

Windsor  West 

594* 

2353 

442 

39 

0 

8782 

0 

358 

123 

0 

X 

0 

94 

14 

13021 

Merhn 

4459 

3749 

504 

33 

0 

8745 

X 

537 

X 

X 

X 

X 

84 

9 

14064 

Sarnia 

4226 

4008 

433 

15 

0 

8682 

0 

444 

4 

0 

0 

0 

81) 

? 

— ! 

15020 

Grand  Bend 

2461 

5404 

813 

76 

0 

8754 

X 

889 

X 

X 

X 

X 

113 

17 

15025 

London 

5200 

3079 

29S 

20 

0 

8594 

s 

315 

X 

0 

0 

0 

58 

5 

16007 

T'verton 

1917 

6176 

574 

36 

0 

8703 

X 

610 

X 

X 

X 

X 

77 

8 

22071 

Simcoe 

3509 

4261 

795 

79 

0 

8644 

X 

874 

X 

0 

X 

0 

111 

14 

22901 

long  Potflt 

2974 

4676 

961 

105 

0 

8716 

X 

1066 

X 

0 

X 

0 

122 

20 

26060 

Kitchener 

4581 

3785 

393 

25 

0 

8784 

2 

416 

X 

0 

0 

0 

74 

6 

27067 

Niagara  Region 

5662 

2753 

285 

14 

0 

8694 

0 

279 

X 

0 

0 

0 

55 

3 

28028 

Gue£h* 

2218 

1714 

223 

11 

0 

4166 

X 

234 

X 

X 

X 

X 

42 

4 

29000 

Hamilton  Downtown 

5778 

2721 

266 

13 

0 

8778 

8 

252 

19 

0 

0 

0 

58 

5 

29114 

HamtSon  Mountain 

4958 
6014 

3364 
2555 

428 
'206" 

22 

0 

8772 

0 

449 

1 

0 

X 

0 

79 

5 

29118 

Hamilton  West 

8 

0 

8783 

0 

212 

2 

0 

0 

0 

41 

2 

31103 

Toronto  Downtown 

5701 

2595 

290 
295 

12 

0 

8598 

X 

302 

X 

0 

0 

0 

56 

4 

33003 

Toronto  East 

5651 

2703 

11 

0 

8660 

X 

306 

X 

X 

X 

0 

58 

3 

34020 

Toronto  North 

5238 

3265 

231 

8 

0 

8742 

X 

239 

X 

X 

X 

0 

SO 

2 



35003 

Toronto  West 

5569 

2811 

361 

24 

0 

8765 

X 

385 

X 

0 

8 

0 

71 

4 

44006 

Burlington 

4783 

3526 

452 

14 

0 

8775 

X 

466 

X 

0 

0 

0 

89 

2 

44015 

Oakvite 

5035 

3297 

333 

14 

0 

8679 

22 

325 

0 

0 

0 

0 

74 

5 



45025 

Oshawa 

4939 

3615 

186 

6 

0 

8746 

X 

192 

X 

X 

X 

0 

45 

2 

46089 

Brampton* 

3272 

1591 

199 

10 

0 

5072 

X 

209 

X 

0 

0 

0 

38 

3 

46110 

Mrssissauga 

5186 

3135 

424 

21 

0 

8766 

17 

427 

X 

1 

0 

0 

88 

4 

— 

48002 

York  Region 

3236 

5031 

412 

15 

0 

8694 

X 

427 

X 

X 

X 

0 

75 

3 

49010 

Haltourton 

2874 

5290 

488 

13 

0 

8665 

X 

Sill 

X 

X 

X 

0 

74 

4 

51001 

Ottawa 

5495 

3194 

70 

0 

0 

8759 

0 

70 

X 

0 

0 

0 

20 

0 

52020 

Kmgston 

5416 

3066 

204 

8 

0 

8694 

X 

212 

X 

X 

X 

X 

44 

2 

56051 

Cornwall 

4209 

4351 

176 

0 

0 

8736 

0 

169 

7 

0 

0 

0 

38 

0 

59006 

Peterborough 

3154 

5054 

454 

17 

0 

8679 

X 

471 

X 

0 

0 

0 

76 

4 

63200 

Thunder  Bay 

4253 

4444 

83 

1 

0 

8781 

0 

65 

19 

0 

0 

0 

22 

1 

71068 

SauUSte.  Marie 

3925 

4605 

221 

1 

0 

8752 

10 

208 

4 

0 

X 

0 

46 

1 

75010 

North  Bay 

4521 

4001 

101 

0 

0 

8623 

0 

101 

X 

X 

X 

X 

20 

0 

. 

77203 

Sudbury 

3787 

4781 

213 

3 

0 

8784 

0 

211 

0 

5 

0 

0 

49 

3 

X  -  Pollutant  not  measured 
*  •  Station  started  up  in  summer 

2000 

Figure  5.1  :  Air  Quality  Index  Summary  (2000) 


Downtown  site  recorded  nine  days  all 
due  to  high  levels  of  ozone. 

Figure  5.3  shows  the  number  of 
poor  air  quality  days  recorded  at  selected 


cities  in  Ontario  for  the 

period  I996to2000. 

The  figure  shows  the 
highest  number  of  poor  air 
quality  days  was  recorded 
in  cities  in  the  southwest- 
ern portion  of  the  province. 
These  cities  are  in  closer 
proximity  to  the  Ohio 
Valley  region  and  the  U.S. 
mid-west,  regions  from 
which  ozone  and  Its  pre- 
cursors are  transported 
into  southern  Ontario. 
However,  In  all  of  the 
selected  cities  except  Thunder  Bay,  the 
number  of  poor  air  quality  days  record- 
ed in  2000  was  lower  than  the  number 
of  poor  days  recorded  In  1 998  and 


1999.  At  some  of  the  cities,  the  num- 
ber of  poor  air  quality  days  in  2000 
was  even  lower  than  the  number  of 
poor  days  recorded  over  the  entire 
five-year  period.   Cool  and  wet  condi- 
tions prevailed  during  the  summer  of 

2000,  and  these  conditions  were  not 
conducive  to  the  production  of  high 
levels  of  ozone. 

AIR  POLLUTION  INDEX  (API) 

The  air  pollution  index  continues  to 
be  the  basis  of  an  alert  and  control  sys- 
tem to  warn  of  deteriorating  air  quality. 
It  is  derived  from  24-hour  running 
averages  of  sulphur  dioxide  (SO?)  and 
suspended  particles  (SP)  as  defined  by 
a  measurement  known  as  the  coeffi- 
cient of  haze  (COH).   Research 
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Figure  5.2:  Geographical  Distribution  of  the  Number  of  Days  AQI  >  49  Across  Ontario  (2000) 


TorontoWest  J~~^/' 


Toronto  Downtown 


Note:  Brampton  and  Guelph  not  shown  due  to  incomplete  data  sets. 


studies  have  linked  respiratory  illness  to 
high  concentrations  of  SO2  and  SP. 

The  Ontario  Environmental 
Protection  Act  (1971)  authorizes  the 
Minister  of  the  Environment  to  order 
any  point  source  not  essential  to  public 
health  or  safety  to  curtail  or  cease  its 
operations  when  air  pollution  levels 
which  may  be  injurious  to  health  occur. 

If  the  API  reaches  a  value  of  32 
(Advisory  Level)  and,  the  duty  meteor- 
ologist predicts  a  continuation  of  adverse 
atmospheric  conditions  for  at  least  six 
hours,  an  Air  Pollution  Advisory  may  be 
issued.    Owners  of  significant  sources 
of  pollution  are  advised  to  prepare  for 
possible  curtailment  of  operation. 

The  First  Alert  Level  is  reached  if 
the  index  reaches  50.    If  at  least  six 


hours  of  adverse  atmospheric  conditions 
are  forecast,  owners  of  major  sources 
may  be  ordered  to  curtail  operations. 
A  second  alert  is  issued  at  an  API  of  75 
and  further  curtailment  may  be  ordered. 

The  Air  Pollution  Episode  Level 
occurs  at  an  API  of  100  and  owners  of 
all  sources  not  essential  to  public  safety 
may  be  ordered  to  cease  operations  if 
atmospheric  conditions  are  not  expected 
to  improve  for  at  least  six  hours. 

API  summary  (1996-2000) 

In  1 996,  Hamilton  Downtown  was 
the  only  API  site  that  reached  the  advi- 
sory level  of  32  and  this  API  level 
occurred  on  only  one  occasion. 
Windsor  West,  the  only  site  In  1 997 
that  reached  an  API  above  the  Advisory 


threshold  of  32,  recorded  an  API  of  34. 

For  the  years  of  1998  to  2000  the 
Advisory  level  of  32  was  not  reached 
at  any  of  the  API  sites. 

Smog  Alert  Program 

Initiated  in  the  late  spring  of  1993  as 
a  joint  effort  between  the  Ontario 
Ministry  of  the  Environment  (MOE) 
and  Environment  Canada  (EC),  smog 
advisories,  initially  called  air  quality 
advisories,  are  issued  to  the  public  when 
widespread  elevated  air  pollution  levels 
due  to  ground-level  ozone  (AQI  in  the 
poor  category)  are  forecast  to  occur 
within  the  next  24  hours.    The  smog 
advisory  program  covers  southern  and 
northeastern  Ontario  where  ozone 
levels  typically  exceed  the  one-hour 
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Figure  5.3:  Number  of  Days  with  at  Least  One-Hour  of  AQI  >  49  at  Selected  Cities  Across  Ontario  (1996  -  2000) 
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ambient  air  quality  criterion  (AAQC) 
of  80  ppb. 

Air  Quality  Initiative  and 
Enhanced  Smog  Alert  Program 

On  May  1st,  2000,  Ontario's 
enhanced  Smog  Alert  and  Air  Quality 
Index  (AQI)  program  was  implemented. 
This  enhanced  program  provides 
Ontarians  with  improved  reporting 
through  comprehensive  and  timely  air 
quality  readings  and  forecasts. 

The  new  Air  Quality  Ontario 
Initiative  includes: 

•  a  two-level  air  quality  forecast  that 
provides  a  three-day  outlook,  a  smog 
watch,  In  addition  to  the  current  24 
hour  smog  advisory; 


•  A  Smog  Watch  Is  called  when 
there  is  a  50  per  cent  chance  that  a 
smog  day  Is  coming  within  the  next 
three  days. 

•  A  Smog  Advisory  is  called  when 
there  is  a  strong  likelihood  that  a  smog 
day  is  coming  within  the  next  24 
hours. 

•  If  a  smog  day  has  happened  with- 
out warning  and  weather  conditions 
conducive  to  high  smog  are  forecast 
to  continue  for  at  least  six  hours,  then 
a  smog  advisory  will  be  issued 
immediately. 

•  the  public  Web  site, 
www.airqualityontario.com,  where 
current  AQI  readings,  smog  forecasts 
and  other  air  quality  information  are 
available; 


direct  e-mail  smog  alerts  for  anyone 
who  subscribes  to  the  ministry  s  new 
smog  alert  network  at  the  above 
website; 

Increasing  the  number  of  air  quality 
index  updates  from  three  up  to  six 
times  a  day,  Monday  to  Friday,  and 
four   times  per  day  on  weekends; 
adding  nine  communities  to  the 
number  of  municipalities  that  report 
air  quality  data,  totaling  34  air  quality 
reporting  stations  in  28  communities; 
providing  1  -800  numbers  at  which 
anyone  at  anytime  can  get  updated 
information  on  the  air  quality 
(1-800-387-7768  in  English  and 
1-800-221-8852  in  French); 
selecting  the  Windsor,  Essex, 
Chatham-Kent  area  as  a  priority  area 


30 


for  the  initial  component  of  the  plan, 
since  up  to  90  per  cent  of  smog  over 
this  region  originates  from  trans- 
boundary  emissions. 

Six  of  the  ten  communities  added  to 
the  reporting  system  are  summer  rural 
AQ[  sites  (i.e.,  AQI  values  are  reported 
from  these  sites  only  during  the  smog 
season)  that  provide  valuable  informa- 
tion on  smog  levels,  particularly  the 
role  of  transboundary  pollution  and 
downwind  urban  impacts.   These 
rural  AQI  sites  are  Merlin,  Long  Point, 
Simcoe,  Grand  Bend,  Tiverton  and 
Haliburton.    They  are  often  exposed 
to  significant  transboundary  pollution 
and  elevated  levels  of  ground-level 
ozone.   The  other  four  AQI  sites, 
Brampton,  York  Region,  Guelph    and 
Peterborough,  allow  for  better  air  qual- 
ity coverage  of  growing  populated 
areas  of  the  Greater  Toronto  Area  and 
surroundings. 

For  the  2000  smog  season,  Ontarians 
experienced  the  least  number  of  smog 
advisory  days  since  1993.    In  2000, 
nine  smog  watches  were  issued  and 
three  advisories  covering  four  smog 
days.   The  weather  in  the  summer  of 
2000  played  a  dominant  role  in  the  air 
quality.    A  lack  of  hot  days  (temperatures 
above  30°C)  and  steady,  but  near 
normal,  amounts  of  precipitation  resulted 
in  a  relatively  low  occurrence  of  smog 
days.    In  contrast,  the  hot  and  dry 
summers  of  the  previous  two  years  led 
to  the  Issuance  of  eight  smog  advisory 
days  in  1998,  and  nine  such  days  in 
1999.    Figure  5.4  summarizes  the 
number  of  smog  advisories  issued  and 
number  of  smog  advisory  days  since 
the  inception  of  the  program  in  1 993. 


Figure  5.4  Summary  of  Smog  Advisories  Called 
(1993-2000) 
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Chapter  6 


Selected  Volatile 
Organic  Compounds 
(VOCs) 


Characteristics,  sources  and 
effects 

Certain  volatile  organic  compounds 
(VOCs)  warrant  special  concern 
because  they  are  capable  of  being 
transported  very  long  distances  in  the 
atmosphere  and  play  an  important  role 
In  the  formation  of  ground-level  ozone 
and  fine  particles.    Almost  all  VOCs 
contribute  to  ground-level  ozone  and 
most  do  not  break  down  In  the  tropo- 
sphere under  photochemical  reactions. 
VOCs  are  defined  technically  as  organic 
compounds  having  a  saturation  vapour 
pressure  greater  than  10'  Torr  at  25°C 
and  standard  atmospheric  pressure. 

VOCs  are  emitted  into  the  atmos- 
phere from  a  variety  of  sources, 
including  vehicles,  fossil  fuel  combustion, 
steel-making,  petroleum  refining,  fuel- 
refilling,  industrial  and  residential  solvent 
use,  paint  application,  manufacturing  of 
synthetic  materials  (e.g.  plastics,  carpets), 
food  processing,  agricultural  activities 
and  wood  processing  and  burning, 
specialized,  non-routine  monitoring 
and  analytical  techniques  are  required  to 
measure  VOCs  because  they  are  usually 
present  in  the  atmosphere  in  gaseous 
form  at  ultra-trace  concentrations. 

VOC  monitoring 

VOC  samples  are  collected  by 
automatically  drawing  ambient  air  Into 
evacuated  stainless  steel  canisters  over  a 
24-hour  period  (midnight  to  midnight), 
following  the  National  Air  Pollution 
Surveillance  (NAPS)  sampling  schedule 
(every  sixth  day) .   Concentrations  for 


Figure  6.1  Location  of  Ambient  VOC  Monitoring  Sites  (2000) 
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143  selected  VOCs  are  reported  for 
each  sample.   The  list  of  143  selected 
VOCs  and  their  statistics  appear  in  the 
separate  Appendix  document. 

For  purposes  of  this  report,  data 
from  1993  to  2000  from  eight  ambient 
monitoring  stations  (Ottawa,  Point  Petre, 
StouffVille,  Egbert,  Hanulton,  Slrncoe, 
Sarnia  and  Windsor)  are  included  in 
this  discussion.    The  monitoring  sites 
described  in  this  report  are  displayed  in 
Figure  6.1. 

Benzene,  toluene,  and 
ortho-xylene  (BTX) 

Benzene  is  a  volatile  aromatic 
hydrocarbon  -  a  compound  where  the 


double-bond  carbon  atoms  occur  in  a 
ring-type  pattern  -  that  is  primarily  used 
in  the  production  of  plastics  and  other 
chemical  products.   Large  quantities  of 
benzene  are  obtained  from  petroleum, 
either  by  direct  extraction  from  certain 
types  of  crude  oils  or  by  chemical  treat- 
ment of  gasoline.   Benzene  may  cause 
various  types  of  leukemia,  lymphoma, 
and  blood  diseases,  and  is  classified  as 
a  human  carcinogen. 

Toluene  Is  an  aromatic  hydrocarbon 
that  is  used  to  make  chemicals,  explo- 
sives, dyes  and  many  other  compounds. 
It  is  used  as  a  solvent  for  inks,  paints, 
lacquers,  resins,  cleaners,  glues  and 
adheslves.   Toluene  is  found  in  gasoline 


and  aviation  fuel.   Studies  reveal  that 
toluene  does  affect  the  central  nervous 
system  of  humans  and  animals,  however 
currently  there  is  no  evidence  to  classify 
it  as  a  carcinogen. 

Like  benzene  and  toluene,  ortho- 
xylene  is  an  aromatic  hydrocarbon,    [t 
is  released  directly  into  the  atmosphere 
by  manufacturers  of  motor  vehicles  and 
equipment,  manufacturers  of  metal  cans 
and  shipping  containers,  and  oil  refining. 
Sources  of  ortho-xylene  as  a  result  of 
human  activity  include  oil  refining, 
motor  vehicles,  wood-burning  stoves 
and  fireplaces  whereas  natural  sources 
include  coal  tar,  oil,  forest  fires  and 
plant  volatiles.   Although  ortho-xylene 
does  affect  the  central  nervous  system  as 
a  depressant,  it  has  not  been  classified 
as  a  carcinogen  due  to  lack  of  evidence. 

BTX  are  all  colourless  liquids 
which  are  considered  highly  toxic  In 
small  concentrations  and  are  very  reac- 
tive in  forming  ground-level  ozone  and 
fine  particles.  Figure  6.2  shows  trends 
in  benzene,  toluene,  and  ortho-xylene 
for  the  period  1993  to  2000.   All  three 
VOCs  show  a  decreasing  trend  over 
the  eight-year  period.  However, 
concentration  levels  for  benzene  and 
toluene  increased  slightly  between 
1999  and  2000,  while  ortho-xylene 
remained  at  0.6  ^lg/m3  since  1998. 

Butane,  ethylene  and  isopentane 

Butane  and  isopentane  are  classified 
as  alkanes  whereas  ethylene  is  classified 
as  an  alkene.    The  difference  between 
an  alkane  and  an  alkene  is  in  their 
structure:  alkanes  are  saturated  hydro- 
carbons in  which  all  carbon  atoms 
form  a  single  bond  with  other  atoms, 
whereas  alkenes  are  unsaturated 
hydrocarbons  in  which  some  carbon 
atoms  form  a  triple  bond  with  other 
carbon  atoms.    Butane,  ethylene  and 
isopentane  are  emitted  primarily  from 
automobile  exhausts  and  by  the  petro- 
chemical industry.    Unlike  BTX,  these 
hydrocarbons  are  not  as  reactive  in 
forming  ozone  except  when  present  at 
very  high  concentrations. 

Figure  6.3  shows  trends  in  butane, 
ethylene  and  isopentane  for  the  period 
1993  to  2000.    All  three  VOCs  have 


Figure  6.2:  Trend  of  Benzene,  Toluene  and  Ortho-xylene  Concentrations 

(1993-2000) 
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Figure  6.3:  Trend  of  Butane,  Ethylene  and  Isopentane  Concentrations 

(1993-2000) 
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declined  since  1993,  however  butane 
and  isopentane  have  increased  slightly 
between  1999  and  2000. 

In  general,  VOC  concentrations  at 


ambient  sites  In  Ontario  are  at  levels 
well  below  existing  ministry  criteria 
levels. 
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Chapter  7 


The  Great  Lakes 
Basin  Area:  An  Air 
Quality  Perspective 


Figure  7.1  :  Selected  Sites  in  the  Great  La  kes  Basin  Area 


I  he  purpose  of  this  section  is  to 
compare  the  state  of  air  quality  in 
selected  cities  within  the  Great  Lakes 
Basin  (GLB)  area.    Air  quality  levels  for 
the  year  2000  and  for  the  1 0-year 
period  1 991-2000  were  compared  for 
nine  cities!  five  in  Ontario  ( Toronto, 
Hamilton,  London,  Windsor  and 
Thunder  Bay)  and  four  in  the  U.S. 
(Chicago,  Cleveland,  Detroit,  and 
Minneapoiis-St.  Paul),  as  displayed  in 
:  Figure  7.1.   The  city  populations  ranged 
ppara  125,000  (Windsor)  to  7.5  million 
(Chicago).  The  pollutants  considered 
in  the  comparison  were  the  five  criteria 
conuroinanis:  ozone,  inhalable  particles, 
;  jBirogen  dioxide,  carbon  monoxide  and 
:"suiphur  dioxide. 

Data  were  used  from  all  available 
monitoring  sites  within  the  metropolitan 
Statistical  areas  of  each  city  (where 
£  applicable)  to  represent  average  city  air 
quality.   The  inter-city  comparisons 


represented  here  are  referenced  to 
ambient  air  quality  criteria  (AAQC)  for 
Ontario  and  the  national  ambient  air 
quality  standards  (NAAQS)  for  the 
United  States. 


round-Level  Ozone  (Ch) 


Monitoring  results  for  2000 

The  highest  one-hour  CH  concentration 


during  2000  was  recorded  in  Detroit 
(115  ppb)  followed  closely  by  London 
and  Cleveland,  each  recording  a  maxi- 
mum of  1  10  ppb.    Thunder  Bay 
recorded  the  lowest  Oî  maximum  at 
only  73  ppb,  while  Hamilton  recorded 
the  second  lowest  G>  maximum  of 

93  ppb.  The  U.S.  NAAQS  (120  ppb) 

was  not  exceeded  by  any  of  the  nine 
cities  examined  in  the  GLB  area  in 


2000,  however,  eight  of  the  cities  did 
exceed  the  more  restrictive  Ontario 
one-hour  AAQC  (80  ppb)  with  the 
exception  of  Thunder  Bay. 

Trends 

The  ten-year  range  (1991-2000)  for 
one-hour  maximum  O3  concentrations 
in  the  selected  nine  cities  of  the  GLB 
area  is  shown  in  Figure  7.2.    Windsor, 
due  to  Its  close  proximity  to  the  U.S. 
border,  is  at  the  higher  end  of  the  scale 
along  with  Detroit  and  Chicago.    At  the 
lower  end  of  the  scale  is  Thunder  Bay 
followed  by  Minneapolis-St.  Paul, 
London  and  Hamilton. 

In  addition  to  the  year-to-year 
variability  in  meteorological  factors, 
which  are  conducive  to  high  ozone 
concentrations  during  episode  events, 
the  combination  of  local  emissions  and 
long-range  transport  of  pollution  from 
the  United  States  greatly  Influence 
the  magnitude  of  Oî  concentrations 
recorded  in  southwestern  Ontario,  such 
as  those  experienced  In  Windsor, 
Toronto,  Hamilton  and  London. 


NHALABLE  PARTICLES  (PMio) 


Monitoring  results  2000 

The  highest  composite  annual  PM10 
mean  for  2000  was  recorded  in 
Cleveland  (37.7  pg/m3),  followed  by 
Detroit  (32.5  pg/m3).   The  U.S. 
NAAQS  of  50  (ig/m3  was  not  exceeded 
by  any  of  the  nine  cities  examined  in  the 
GLB  area  in  2000.    Thunder  Bay 
recorded  the  lowest  composite  annual 
mean  (13.2  pg/m3).    Overall,   when 
comparing  composite  annual  means  of 
PM10  during  2000,  the  Canadian  cities 
recorded  concentrations  ranging  from 
13.2  lig/m3  to  24.2  pg/m3,  whereas  the 
American  cities  recorded  levels  from 
25.0  pg/m3  to  37.7  pg/m3. 

Trends 

The  10-year  range  (1991-2000)  In 
composite  annual  PM10  means  for  the 
nine  selected  cities  In  the  GLB  area  is 
shown  in  Figure  7.3.    Cleveland  s  levels 
were  at  the  higher  end  of  the  range  of 
composite  annual  means  reported.    As 


Figure  7.2  Range  of  Maximum  One-Hour  Ozone  Concentrations  in  the 
Great  Lakes  Basin  Area  (1991  -  2000) 
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Figure  7.3:  Range  of  Composite  Annual  PM10  Means  in  the 
Great  Lakes  Basin  Area  (1991  -  2000) 
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well,  Cleveland  was  the  only  city 
that  exceeded  the  U.S.  NAAQS  of 
50  pg/m3  between  1991-2000. 
Thunder  Bay  reported  the  lowest  com- 
posite annual  mean  over  the  10-year 
period,  followed  closely  by  London. 
Similar  to  the  composite  annual  means 
in  2000,  the  American  cities  dominated 
the  higher  end  of  the  scale  whereas  the 
Canadian  cities  were  at  the  lower  end 
of  the  scale  over  the  10-year  range. 

PMlQ  may  be  directly  emitted  by  a 
source  or  formed  in  the  atmosphere  by 
the  transformation  of  gaseous  precursor 
emissions,  such  as  NOx  and  SO2. 
Long-range  transport  of  these  precursors 
from  the  mid-western  states  of  the  U.S. 
contribute  to  the  PM  levels  In  south- 


western Ontario,  as  well  as  local 
emissions  from  human  activity  and 
natural  sources. 


iTROGEN  Dioxide  (NOj) 


Monitoring  results  for  2000 

The  highest  composite  annual  NO? 
means  for  2000  were  recorded  in 
Toronto  (24  ppb)  and  Chicago  (23  ppb). 
Thunder  Bay  recorded  the  lowest 
composite  annual  mean  for  NO? 
(12  ppb)  in  2000  followed  by  London 
at  17  ppb.    Overall,  none  of  the  nine 
cities  exceeded  the  U.S.  NAAQS  for 
NO2  during  2000. 
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Figure  7.4:  Range  of  Composite  Annual  Nitrogen  Dioxide  Means 
in  the  Great  Lakes  Basin  Area  (1 991  -  2000) 
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Figure  7.5:  Range  of  Maximum  One-Hour  Carbon  Monoxide  Concentrations 
in  the  Great  Lakes  Basin  Area  (1991  -  2000) 
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Trends 

The  10-year  range  of  composite 
annual  NO2  means  for  the  nine  cities  in 
the  GLB  area  is  presented  in  Figure  7.4. 
Toronto,  Cleveland,  Chicago  and 
Windsor  share  similar  means  at  the 
higher  end  of  the  range,  while 
Thunder  Bay  is  at  the  lower  end. 

Higher  levels  of  NO;  are  found  in 
larger  urban  centres  such  as  Toronto, 
Cleveland  and  Chicago  because  of 
population  density  and  motor  vehicle 
emissions. 


arson  Monoxide  (CO) 


Monitoring  results  for  2000 

The  highest  one-hour  CO  concen- 


trations during  2000  were    recorded  in 
Cleveland  (12.8  ppm)  and  Windsor 
(1 1.8  ppm).    Nonetheless,  the  levels 
remained  well  below  the  Ontario 
AAQC  of  30  ppm  and  the  U.S. 
NAAQS  of  35  ppm.   London  recorded 
the  lowest  one-hour  CO  maximum  at 
2.5  ppm. 

Trends 

The  10-year  range  (1991-2000)  in 
maximum  CO  concentration  for  the 
nine  cities  examined  in  the  GLB  area  is 
shown  in  Figure  7.5.    Cleveland  and 
Minneapolis-St.  Paul  were  at  the  higher 
end  of  the  scale,  while  Thunder  Bay 
and  London  were  at  the  lower  end. 

Highest  CO  levels  are  recorded 


typically  in  larger  urban  centres  and  are 
strongly  influenced  by  local  vehicle 
emissions. 


ulphur  Dioxide  (SO?) 


Monitoring  results  for  2000 

The  highest  composite  annual  SO2 
mean  was  recorded  in  v\  indsor 
(7.5  ppb),  while  Thunder  Bay  recorded 
the  lowest  composite  annual  mean 
(0.0  ppb)  in  2000.    All  of  the  cities 
examined  in  the  GLB  area  recorded 
levels  well  below  the  Ontario  AAQC 
of  20  ppb  and  the  U.S.  NAAQS  of 
30  ppb. 

Trends 

The  10-year  range  (1991-2000)  of 
composite  annual  SO2  means  for  the 
nine  cities  in  the  GLB  area  are  displayed 
in  Figure  7.6.    Cleveland  was  at  the 
higher  end  of  the  range  of  annual 
means  reported  with  Windsor,  while 
Thunder  Bay  was  at  the  lower  end. 


Ranking  of  Selected  Cities  in  the 
Great  Lakes  Basin  Area 


The  levels  for  the  criteria  pollutants 
(O3,  PM10,  NO2,  CO  and  SO2)  were 
examined  for  the  1 0-year  period 
(1991-2000)  in  Chicago,  Cleveland, 
Detroit,  Minneapolis-St.  Paul, 
Hamilton,  London,  Thunder  Bay, 
Toronto  and  Windsor,  and  subsequently 
ranked  accordingly  in  order  to 
collectively  compare  the  air  quality 
uithin  the  nine  selected  cities. 

The  ranking  of  the  cities  (based  on 
the  concentration  of  the  pollutant 
measured  in  the  ambient  air)  ranged 
from  1  (representing  the  best  air  quality) 
to  9  (representing  the  poorest  air 
quality).    The  rankings,  based  on  a 
10-year  average,   were  summed  up  for 
each  city  resulting  in  a  total  score.    The 
higher  the  total  score,  the  worse  the  air 
quality. 

The  overall  ranking  of  the  nine 
cities  in  the  GLB  area  for  the  criteria 
pollutant  levels  for  1991-2000  is 
displayed  in  Table  7. 1 .   Thunder  Bay 
placed  first  representing  the  best  air 
quality  in  the  region,  whereas 
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Cleveland  placed  ninth  recording  the 
overall  highest  concentrations  of  the 
criteria  pollutants  examined  in  the  area. 
However,  the  state  of  air  quality  is 
significantly  impacted  by  population 
density,  industrial  base  and  the 
geographical  location  of  the  cities  within 
the  study  area.    These  factors  must  be 
considered  as  they  consequently 
influence  the  ranking. 


Figure  7.6:  Range  of  Composite  Annual  Sulphur  Dioxide  Means 
in  the  Great  Lakes  Basin  Area  (1991  -  2000) 
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Table  7.1:  Ranking  of  Cities  in  the  Great  Lakes  Basin 

Area  According  to  Criteria 

Pollutant  Levels  (1991-2000) 

City                                                 Oj                         PMk. 

NO, 

CO 

SOi                       Total 
Score 

Overall 
Ranking 

Thunder  Bay                                    1                             1 

1 

2 

1                              6 

1 

London                                               3                               2 

4 

1 

3                             13 

2 

Minneapolis-SL  Paul                       2                             6 

2 

8 

2                             20 

3 

Hamilton                                            4                               4 

5 

4 

5                             22 

4 

Toronto                                              5                               3 

9 

6 

4                             27 

5 

Windsor                                             7                               5 

6 

3 

S                             29 

6 

Detroit                                               9                               7 

3 

7 

7                             33 

7 

Chicago                                              8                              8 

7 

5 

6                             34 

8 

Cleveland                                           6                               9 

8 

9 

9                             41 

9 

Individual  rankings  are  summed  for  each  city  to  determi 

ne  a  total  score. 
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Chapter  8 
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Summary 


■  hirty-years  after  (he  first  edition 
of  this  report  in  1971 ,  there  has  been 
consistent  Improvement  in  the  state  of 
air  quality  in  Ontario  despite  significant 
increases  in  population,  economic 
activity  and  vehicle  travel.   Significant 
decreases  have  been  achieved  for 
sulphur  dioxide,  carbon  monoxide, 
nitrogen  dioxide,  nitrogen  oxides  and 
total  reduced  sulphur  compounds. 

Encouraging  as  this  is,  there  remains 
a  great  deal  of  work  to  be  done.   The 
Ontario  government  is  directing 
Increased  emphasis  on  two  key  com- 
ponents of  smog,  namely  ozone  and 
particulate  matter,  which  recent 
scientific  evidence  suggest  have  signifi- 
cant health  effects. 

Data  analysis  strongly  Indicates  that 
neighbouring  U.S.  states  -  namely  Ohio, 
Illinois  and  Michigan  -  are  significant 
contributors  to  elevated  levels  of  ozone 
and  Inhalable  particles  In  southern 


Ontario.    The  contributions  from  long- 
range  transport  and  trans-boundary 
movement  of  these  pollutants  need 
further  assessment.    Continued 
monitoring  is  required  to  evaluate  trends 
and  determine  the  effectiveness  of 
reduction  and  abatement  strategies. 
Ontario  has  continued  to  review 
and  expand  its  existing  air  monitoring 
network  by  deploying  real-time  monitors 
of  Inhalable  and  resplrable  particles.    In 
2000,  there  were  43  ambient 
PMi</PM2  5  monitors  operating  across 


the  province.    The  collection  and 
assessment  of  such  data  will  allow  for 
improvement  to  the  reporting  of 
important  air  quality  information  to  all 
Ontarians. 
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Acidic  deposition  - 

Air  Quality  Index  - 

AQI  station  - 

Air  Pollution  Index  - 

Ambient  air - 
Biogenic  - 
Carcinogen  - 
Continuous  pollutant  - 

Continuous  station  - 

Criterion  - 

Daily  pollutant  - 
Detection  limit  - 
Exceedance  - 
Fossil  fuels  - 


refers  to  deposition  of  a  variety  of  acidic  pollutants  (acids  or  acid-forming  substances 
such  as  sulphates  and  nitrates)  on  biota,  land  or  in  waters  of  the  earth  s  surface. 

real-time  information  system  that  provides  the  public  with  an  Indication  of  air  quality 
in  rural  and  urban  areas  across  Ontario. 

continuous  monitoring  station  used  to  inform  the  public  of  air  quality  levels  on  a 
real-time  basis;  station  reports  on  criteria  pollutants. 

basis  of  Ontario  s  alert  and  control  system  to  warn  of  deteriorating  air  quality;  derived 
from  24-hour  running  averages  of  sulphur  dioxide  and  suspended  particles. 


outdoor  or  open  air. 

produced  by  living  organisms. 

an  agent  that  incites  carcinoma  (cancer)  or  other  malignancy. 

contaminant  for  which  a  continuous  record  exists;  effectively,  pollutants  that  have 
hourly  data  (maximum  8,760  values  per  year  except  leap  year  -  i.e.  2000  where 
maximum  values  for  the  year  are  8,784). 

where  pollutants  are  measured  on  a  real-time  basis  and  data  determined  hourly  (as  for 
example  ozone,  sulphur  dioxide). 

maximum  concentration  or  level  (based  on  potential  effects)  of  contaminant  that  is 
desirable  or  considered  acceptable  in  ambient  air. 

contaminant  with  a  24-hour  or  dally  value  (maximum  365  values  per  year). 

minimum  concentration  of  a  contaminant  that  can  be  determined. 

violation  of  the  pollutant  levels  permitted  by  environmental  protection  criteria. 

natural  gas,  petroleum,  coal  and  any  form  of  solid,  liquid  or  gaseous  fuel  derived  from 
such  materials  for  the  purpose  of  generating  heat. 
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Geometric  mean  - 

Global  warming  - 
Ground-level  ozone  - 
Inhalable  particles  - 

Micron  - 
Median  - 
Non-continuous  station  - 

Ozone  episode  day  - 

Particulate  matter  - 

Percentile  value  • 

Photochemical  oxidant  - 
Photochemical  reaction  - 
Photochemical  smog  - 
Primary  pollutant  - 
Respirable  particles  - 

Secondary  pollutant  - 
Smog  - 

Smog  advisory  - 
Smog  day  - 

Smog  season  - 


statistic  of  a  data  set  calculated  by  taking  the  n"  root  of  the  product  of  all  (n)  values  in 
a  data  set.    Provides  a  better  indication  than  arithmetic  mean  of  the  central  tendency 
for  a  small  data  set  with  extreme  values. 

long-term  rise  in  the  average  temperature  of  the  earth;  principally  due  to  an  increase 
in  the  buildup  of  carbon  dioxide  and  other  gases. 

colourless  gas  formed  from  chemical  reactions  between  nitrogen  oxides  and 
hydrocarbons  in  the  presence  of  sunlight  near  the  earth  s  surface. 

represent  up  to  60  per  cent  of  the  total  suspended  particulate  matter;  composed  of 
both  coarse  (diameter  2.6  to  10.0  microns)  and  fine  (diameter  <    2.5  microns) 
particles;  also  referred  to  as  PMio. 

a  millionth  of  a  metre. 

middle  value  of  a  set  of  numbers  arranged  in  order  of  magnitude. 

station  that  measures  pollutant  concentration  on  a  daily,  six-day  frequency  or  monthly 
cycle  (as  for  total  suspended  particulate  matter). 

a  day  on  which  widespread  (hundreds  of  kilometres)  elevated  ozone  levels  (greater 
than  80  ppb  maximum  hourly  concentration)  occur  simultaneously. 

refers  to  all  airborne  finely  divided  solid  or  liquid  material  with  an  aerodynamic 
diameter  smaller  than  100  microns. 

percentage  of  the  data  set  that  lies  below  the  stated  value;  if  the  70  percentile  value  is 
0.10  ppm.  then  70  per  cent  of  the  data  are  equal  to  or  below  0.10  ppm. 

air  pollutants  formed  by  the  action  of  sunlight  on  oxides  of  nitrogen  and  VOCs. 

chemical  reaction  influenced  or  initiated  by  light,  particularly  ultraviolet  light. 

see  smog. 

contaminant  emitted  directly  to  the  atmosphere. 

particles  smaller  than  about  2.5  microns  in  diameter,  which  arise  mainly  from 
condensation  of  hot  vapours  and  chemically-driven  gas  to  particle  conversion  processes; 
also  referred  to  as  PM25.    These  are  fine  enough  to  penetrate  deeply  into  the  lungs 
and  have  the  greatest  effects  on  health. 

contaminant  formed  from  other  pollutants  in  the  atmosphere. 

a  contraction  of  smoke  and  fog;  colloquial  term  used  for  photochemical  fog,  which 
includes  ozone  and  other  contaminants;  tends  to  be  a  brownish  haze. 

public  is  advised  when  elevated  pollution  levels  are  forecast  due  to  ground-level  ozone. 

day  on  which  widespread  ground-level  ozone  (AQI  greater  than  or  equal  to  50) 
occurred/declared. 

defined  as  the  period  May  1  -  September  30. 
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Stratosphere  - 
Stratospheric  ozone  - 

Suspended  particles  - 

Toxic  deposition  - 
Toxic  pollutant  - 

Troposphere  - 


atmosphere  10  to  40  kilometres  above  the  earth  s  surface. 

ozone  formed  in  the  stratosphere  from  the  conversion  of  oxygen  molecules  by  solar 
radiation;  ozone  found  there  absorbs  much  ultraviolet  radiation  and  prevents  it  from 
reaching  the  earth. 

suspended  particulate  matter  most  likely  to  reach  the  lungs  (diameter  less  than 
25  microns) . 

absorption  or  adsorption  of  a  toxic  pollutant  at  ground,  vegetative  or  surface  levels. 

substance  that  can  cause  cancer,  genetic  mutations,  organ  damage,  changes  to  the 
nervous  system,  or  even  physiological  harm  as  a  result  of  prolonged  exposure,  even  at 
relatively  small  amounts. 

atmospheric  layer  extending  about  10  kilometres  above  the  earth  s  surface. 
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Abbreviations 


jf*^-. 


AAQC- 

Ambient  Air  Quallry 
Criteria  (Ontario) 

LIMA- 

Lambton  Industry 
Meteorological  Alert 

TRS- 
TSP- 

total  reduced  sulphur 
total  suspended  particles 

API- 

Air  Pollution  Index 

MOE- 

Ministry  of  the  Environment 

USEPA- 

United  States  Environmental 

AQI- 

Air  Quality  Index 

NAAQS- 

National  Ambient  Air 
Quality  Standard  (U.S.) 

Protection  Agency 

AQUIS  - 

Air  Quality  Information 

VOCs- 

volatile  organic  compounds 

System 

NAPS- 

National  Air  Pollution 

Surveillance 

kg- 

kilogram 

C0- 

carbon  monoxide 

N0- 

nitric  oxide 

kt- 

kilotonne 

C02- 

carbon  dioxide 

NO2- 

nitrogen  dioxide 

ng/m3- 

nanograms  (of  contaminant) 

COH- 

coefficient  of  haze  reported 

per  cubic  metre  (of  air) 

asSP 

NOx- 

nitrogen  oxides 

jjg/m3- 

micrograms  (of 

CWS- 

Canada-Wide  Standard 

O3- 

ozone 

contaminant)  per 
cubic  metre  (of  air) 

EC- 

Environment  Canada 

PM2  5  - 

particles  less  than 

2.5  microns 

ppb- 

parts  (of  contaminant)  per 

EMRB- 

Environmental  Monitoring 

billion  (parts  of  air) 

and  Reporting  Branch 

PM,o- 

particles  less  than 

10  microns 

ppm- 

parts  (of  contaminant)  per 

EST- 

Eastern  Standard  Time 

RP- 

respirable  particles 

million  (parts  of  air) 

GLB 

Great  Lakes  Basin 

SO2- 

sulphur  dioxide 

H*S- 

hydrogen  sulphide 

SOx- 

sulphur  oxides 

INS- 

insufficient  data  to 

calculate  statistic 

SP- 

suspended  particles 

IP- 

inhalable  particles 

TEOM- 

Tapered  Element 
Oscillating  Microbalance 
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INTRODUCTION 

This  appendix  is  intended  for  use  in  conjunction  with  the  annual  report,  Air  Quality  in  Ontario 
2000.  The  first  part  of  the  Appendix  briefly  describes  the  provincial  air  monitoring  network,  the 
quality  assurance  and  quality  control  procedures  and  data  base.  The  second  part  of  the  Appendix 
provides  a  series  of  tables  showing  the  station  locations  as  well  as  a  listing  of  the  summary 
statistics  including,  means,  maxima,  percentile  values  and  the  number  of  exceedances  of  the 
Ontario  criteria  for  each  pollutant. 

MONITORING  NETWORK  OPERATIONS 

Network  Description 

In  1971,  the  provincial  air  monitoring  network  consisted  of  254  instruments:  166  continuous 
analyzers  at  76  monitoring  sites  and  88  sites  with  high-volume  samplers.  By  1980,  the  provincial 
network  had  reached  its  maximum  size  at  450  instruments,  of  which  268  were  continuous 
analyzers  at  106  sites  and  182  high-volume  samplers.  During  2000,  the  network  consisted  of  197 
continuous  monitoring  instruments  at  78  sites,  47  high-volume  samplers,  26  daily  PM10  samplers 
and  3 1  real-time  PM10/25  monitors. 

More  than  50  per  cent  of  all  air  monitoring  by  the  ministry  is  source-specific  and  is  the 
principal  responsibility  of  the  ministry's  Operations  Division.  For  the  most  part,  the  operation  of 
the  monitoring  stations  and  the  collection  of  air  samples  is  conducted  by  the  regional  staff. 
Environmental  Monitoring  and  Reporting  Branch  operates  the  Greater  Toronto  Area  (ambient 
stations)  network  and  the  mobile  air  monitoring  units.  The  monitoring  networks  are  classified  by 
their  functions:  continuous  air  monitoring  stations;  non-continuous  sampling  sites;  the 
meteorological  network;  and  mobile  air  monitoring. 

Ministry  regional  boundaries  along  with  the  locations  of  air  monitoring  sites  of  the  continuous, 
noncontinuous  and  meteorological  network  are  shown  in  Maps  1  to  3. 

Quality  Assurance  and  Quality  Control 

In  2000,  each  region  had  an  atmospheric  and  terrestrial  effects  unit  responsible  for  the  day-to- 
day air  monitoring  and  maintenance. 

Each  day,  the  instruments  are  checked  through  a  computerized  telephone  link  by  technicians 
confirming  the  automatic  zero  and  span  values  (that  is,  a  known  value  for  a  particular  gas). 

Regional  technicians  inspect  and  maintain  the  monitoring  equipment  and  stations  continually. 
If  an  instrument  undergoes  major  servicing,  the  instrumentation  and  quality  assurance  unit  will  re- 
calibrate it. 

Portable  calibration  equipment  is  used  by  regional  staff.  This  equipment  itself  is  re-calibrated 
at  least  twice  per  year. 

There  are  other  monitoring  programs,  such  as  those  operated  by  the  Lambton  Industrial 
Society,  Environment  Canada  and  Ontario  Power  Generation,  which  the  ministry  either  audits  or 
conducts  comparisons  with.  The  ministry  uses  data  from  these  services  to  judge  provincial  air 
quality. 

The  environmental  monitoring  and  reporting  branch  operates  a  laboratory  with  gas  reference 
standards  that  adhere  to  those  of  the  U.S.  National  Institute  of  Standards  and  Technology 
(NIST),  as  well  as  to  the  pollution  measurement  division  of  Environment  Canada. 

Performance  audits  are  conducted  on  the  sulphur  dioxide,  nitrogen  oxides/nitrogen  dioxide, 
ozone  and  total  reduced  sulphur  (as  hydrogen  sulphide)  monitors  approximately  three  times  per 
year.  Performance  audits  are  conducted  twice  a  year  for  PM102  5  monitors  and  once  a  year  on 
carbon  monoxide  monitors. 


Chemical  analyses  performed  by  the  Laboratory  Services  Branch  are  also  subject  to  quality 
assurance  and  control. 

The  ambient  air  quality  monitoring  network  undergoes  constant  maintenance  to  ensure  a  high 
standard  of  quality  control. 

Continuous  real-time  and  particulate  data  are  reviewed,  assessed  and  validated  constantly  by 
regional  staff  and  staff  of  the  Environmental  Monitoring  and  Reporting  Branch. 

Actions  are  taken  immediately  to  correct  anything  that  may  affect  the  validity  of  the  data. 

These  measures  ensure  that  ambient  air  monitoring  data  are  valid,  complete,  comparable, 
representative  and  accurate. 

In  2000,  continuous  air  monitoring  instruments  were  given  586  performance  audits. 
Approximately  78.7  per  cent  of  the  audits  were  found  to  be  in  the  acceptable  performance 
criterion;  i.e.  measured  values  were  within  1 0  per  cent  of  the  standard.  For  the  remaining  2 1 .3 
per  cent,  which  fell  outside  the  10  per  cent  range,  station  log  records  and  backup  charts  were 
consulted  to  adjust  the  data  to  reflect  true  ambient  concentrations.  As  a  result,  the  network  for 
2000  had  93.5  per  cent  valid  data  out  of  approximately  four  million  data  points. 

Data  Base 

The  ambient  air  quality  data  used  in  this  report  are  stored  in  the  ministry's  air  quality 
information  system  (AQUIS).  Approximately  4  million  air  pollution  measurements  are  added  to 
AQUIS  yearly,  with  the  vast  majority  representing  Ontario's  more  heavily  populated  urban  areas. 

A  statistical  pattern  test  is  used  to  identify  data  anomalies,  such  as  unusual  pollutant 
concentrations.  Each  pollutant  has  a  predetermined  pollutant  concentration  range  based  on 
historical  data.  Values  outside  this  range  are  flagged  for  further  investigation. 

AQUIS  data  are  divided  into  two  major  groupings:  continuous  (1-hour)  measurements  and 
daily  (24-hour)  measurements. 

Hourly  data  are  obtained  from  automated  ambient  air  monitoring  instruments  that  operate 
continuously.  These  produce  an  average  measurement  each  hour  for  a  possible  total  of  8,760 
measurements  in  a  year. 

S02,  SP  (as  COH),  CO,  NOx/NO/N02,  03,  PM10/PM25,  Hg  and  TRS  compounds  are  all 
measured  hourly.  A  valid  annual  mean  requires  at  least  5,840  hourly  readings  or  67  per  cent  valid 
data.  Typically  the  network  yields  approximately  95  per  cent  valid  data. 

The  instruments  that  provide  daily  measurements  from  a  24-hour  sampling  period  are  usually 
operated  on  one,  three  or  six-day  sampling  cycles.  They  measure  TSP,  PM10,  lead,  various  trace 
metals,  sulphate  and  nitrate. 

For  daily  data,  a  valid  annual  mean  requires  at  least  two-thirds  of  the  total  number  of  possible 
samples.  For  example,  a  station  operating  on  a  six-day  sampling  schedule  would  require  at  least 
40  out  of  a  possible  61  samples. 

To  be  included  in  the  10-year  trend  analysis,  a  site  must  have  valid  annual  means  for  at  least 
eight  out  of  the  10  years  1991-2000. 

NETWORK  DESCRIPTIVE  TABLES  AND  ANNUAL  STATISTICS 

The  entire  continuous  (hourly)  network  is  summarized  in  Table  1  and  Map  1.  The  table 
displays  the  station  name,  numerical  identifier,  and  pollutants  measured.  The  numerical  identifier 
is  the  station  (ID)  number,  the  first  digit  of  which  identifies  the  geographic  region  in  which  the 
station  is  located. 


il 


The  column  headings  for  the  continuous  pollutants  are  as  follows: 

S02  (sulphur  dioxide) 

COH  (suspended  particles  as  measured  by  the  Coefficient  of  Haze) 

CO  (carbon  monoxide) 

03  (ozone) 

NO  (nitric  oxide) 

N02  (nitrogen  dioxide) 

NOx  (oxides  of  nitrogen) 

PMI0/PM2  5  (real-time  inhalable/respirable  particles) 

TRS  (total  reduced  sulphur  compounds) 

Hg  (mercury) 

AQI  (air  quality  index) 

The  particulate  (daily)  network  is  summarized  in  Table  2  and  Map  2.  The  table  displays  the 
station  name,  numerical  identifier,  and  pollutants  measured.  Numerals  indicate  the  monitoring 
cycle  frequency  in  days.  The  column  headings  for  the  noncontinuous  pollutants  are  as  follows: 


TSP 

(total  suspended  pan 

Cd 

(cadmium  in  TSP) 

Cr 

(chromium  in  TSP) 

Cu 

(copper  in  TSP) 

Fe 

(iron  in  TSP) 

Mn 

(manganese  in  TSP) 

Ni 

(nickel  in  TSP) 

Pb 

(lead  in  TSP) 

V 

(vanadium  in  TSP) 

NOJ- 

(nitrate  in  TSP) 

so42- 

(sulphate  in  TSP) 

Cl 

(chlorine  in  TSP) 

c 

(carbon  in  TSP) 

The  inhalable  particle  (PM10)  network  is  summarized  in  Table  3  and  incorporated  into  Map  2. 
This  table  displays  the  station  location,  parameters  measured  and  frequency  of  sampling. 

The  meteorological  network  is  summarized  in  Table  4  and  Map  3.  This  table  displays  the 
station  name,  numerical  identifier,  meteorological  parameters  measured  and  the  height  of  the 
measurements. 

The  2000  statistical  data  for  the  various  pollutants  are  provided  in  Tables  5  through  30.  The 
10-year  trends  are  presented  in  Tables  31  to  38.  The  stations  used  in  the  10-year  trends  are  listed 
in  Table  39. 

ABBREVIATIONS 

ID  -five  digit  provincial  station  identification  number 

TYPE  -survey  type  (ambient  or  source  specific) 

YR.  -year  monitoring  began 

LAT.  -station  latitude  in  degrees:minutes 

LONG,  -station  longitude  in  degrecs:minutes 

ELEV.  -elevation  of  air  sampling  inlet  (metres  above  ground) 

INS.  -insufficient  data  to  compute  relevant  statistics 
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Table  39:  Stations  Used  in  Gaseous  Trends 


City 

Station  #  (Sampling  Period) 

Burlington 

44008(1991-2000) 

Cornwall 

56051(1991  -2000) 

Toronto  West  (Etobicoke) 

35003(1991  -2000) 

Fort  Frances 

62030(1991-2000) 

Hamilton  Downtown 

29000(1991  -2000) 

Grand  Bend 

15020(1991-2000) 

Kitchener 

26060(1991-2000) 

London 

15001  (1991-1995);  15025(1996-2000) 

Long  Point 

22901  (1991-2000) 

Mandaumin 

14118(1991  -2000) 

Merlin 

13021(1991  -2000) 

Mississauga 

46110(1991-2000) 

Niagara  Falls 

27056(1991  -  1992);  27072  (1993-2000) 

North  Bay 

75010(1991  -2000) 

Toronto  North  (North  York) 

34002  (1991);  34020  (1992-2000) 

Oakville 

44015(1991-2000) 

Oshawa 

45025(1991-2000) 

Ottawa 

51001(1991-2000) 

Peterborough 

59006(1991  -2000) 

Samia 

14064(1991  -2000) 

Toronto  East  (Scarborough) 

33003(1991  -2000) 

Simcoe 

22071(1991-2000) 

Niagara  Region 

27067(1991  -2000) 

York  Region 

48002(1991  -2000) 

Sudbury 

77203(1991-2000) 

Terrace  Bay 

63020(1991-2000) 

Thunder  Bay 

63200(1991-2000) 

Tiverton 

18007(1991-2000) 

Toronto  Downtown 

31103(1991  -2000) 

Windsor  Downtown 

12008(1991-2000) 
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